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1.0 INTRODUCTION 

1.1 OVERVIEW 

The Tetra Tech, Inc. (Tetra Tech) Superfund Technical Assessment and Response Team (START) has 

been tasked by the U.S. Environmental Protection Agency (EPA) Region 7 Superfund Division, under 

contract number EP-S7-13-06, to support an addendum to the original human health risk assessment 

(HHRA) of the Des Moines TCE Site (Site). This addendum will take into account new potential land 

uses at the Site and new data acquired at the Site within the following media: soils, sediment, and surface 

water from a pond. Although START did not acquire any additional groundwater data, EPA provided the 

most current data from a recent report on the status of the groundwater treatment system fehr Graham 

2016); those data are included in this HHRA addendum. Tetra Tech reviewed historical information, 

conducted sampling activities, and prepared this HHRA addendum in accordance with applicable 

EPA guidance. 

The Site is in south-central Des Moines, Polk County, Iowa, on the east side of the Raccoon River. The 

Site is a 43-acre property formerly operated by DICO, Inc. (DICO). It is southwest of the intersection of 

W. Martin Luther King Jr. Parkway and SW 16th Street. The Site is in Section 8, Township 78 North, 

Range 42 West. Geographic coordinates at the approximate center of the Site are 41.579293 degrees C) 

North latitude and 93.638964° West longitude (Figure 1-1). 

This HHRA addendum supports the Supplemental Remedial Investigation (SRI), and encompasses an 

HHRA, which evaluates human health risks and hazards associated with exposures to potential future 

residents, future recreationalists, future industrial/commercial workers, future outdoor site workers, 

current and future trespassers, and construction/utility workers at the Site. 

Tetra Tech did not conduct a screening level ecological risk assessment (SLERA) because EPA had 

recently done so (EPA 2015a). 

The remainder of this section describes the Site and recounts the history of the Site (Section 1.2), 

summarizes previous risk assessments (Section 1.3), summarizes SRI activities (Section 1.4), and lays out 

the organization of this document (Section 1.5). 

1.2 SITE BACKGROUND AND HISTORY 

Sections 1.2.1 and 1.2.2 present, respectively, a description and history of the Site. 

X9025.16.0144.000 1-1 

ED _00 1521 A_00007994-00009 



Des Moines TCE Site- Human Health Risk Assessment Addendum 

1.2.1 Site Description 

The Des Moines Trichloroethene (TCE) site is in south-central Des Moines on the east side of the 

Raccoon River. The Site includes a production building, an office building, a maintenance building, and 

five additional operational buildings. A surface water feature at the southend of the Site is referred to as 

the "South Pond" (Figure 1-2). 

The Site is mainly associated with the DICO property, which operated at the Site for 40 years. DICO 

operations included steel wheel manufacturing and chemical and pesticide formulation. The Site is 

divided into four operable units (OU): 

OUl- groundwater TCE plume on the DICO property 

OU2 - originated as source soils associated with TCE groundwater contamination, but later 
focused on residual pesticides and metals in shallow soils 

OU3- a source area oftetrachloroethene (PCE) groundwater contamination north ofDICO 

OU4- pesticides in buildings and soil on the southern end oftheDICO property (a.k.a., South 
Pond Area [SPA]), and in drainage areas of the DICO property. 

A groundwater pump and treat (P&T) system has operated at the Site since 1987. Since that time, the 

groundwater plume has been effectively contained on the DICO property. Currently, three extraction 

wells and the air stripper are in operation. DICO continues to operate and maintain the groundwater P&T 

system. 

1.2.2 Site History 

The DICO property has historically been used for a variety of industrial uses, including a grey iron 

foundry, a steel wheels manufacturing plant, chemical and herbicide distribution, and pesticide 

formulation processes. Currently, the DICO property is used only for operating and maintaining the OU 1 

groundwater extraction and treatment system, maintaining the asphalt cap, maintaining the buildings 

pursuant to the 1994 Unilateral Administrative Order (UAO), and implementing the Operation and 

Maintenance Plan for the buildings. Manufacturing operations have been discontinued. The DICO 

property is fenced, and the Site owner provides site security. 

Land use within the area surrounding DICO is changing. Much of this surrounding area has been rezoned. 

For several years, the City of Des Moines has been planning a major redevelopment project within the 

River Point West area east of the DICO property. 

X9025.16.0144.000 1-2 
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1.3 PREVIOUS HUMAN HEALTH RISK ASSESSMENT FINDINGS 

HHRAs focusing on soil constituents in OU2 and OU4 have been components of previous remedial 

investigations at the Site. Descriptions and conclusions of those HHRAs are as follows: 

1.3.1 OU2 

The HHRA addressed both current and anticipated future conditions. It did not address groundwater, 

surface water, and sediment. Receptors evaluated were a recreational child and adult, occupational 

maintenance workers, occupational general workers, and construction workers. The HHRA identified 

two receptors, a recreational child and adult, for whom a cancer risk (from dermal exposure at a hot spot) 

exceeded EPA's risk range of lE-04 to lE-06. An unacceptable noncarcinogenic hazard (Hazard Index 

[HI]> 1) to the construction worker was found from exposure to soil at a hot spot. Assessments of risks 

and hazards assuming no hot spots in soil resulted in risks within EPA risk ranges and His less than 1. 

1.3.2 OU4 

OU4 includes uncapped soils and soils capped with asphalt paving. The HHRA addressed each area 

separately. 

OU4 capped soils- Because the paved area serves as a cap, no direct contact with soils occurs; therefore, 

no complete exposure pathway exists, and no potential unacceptable risks were identified. The HHRA 

also evaluated potential risks to future residents and industrial/commercial workers if the capwould be 

removed, identifying unacceptable risks to future residents and future industrial/commercial workers from 

the major chemicals of concern (COC) aldrin, dieldrin, chlordane, and heptachlor epoxide. 

OU4 uncapped soils- Exposed soils were evaluated for exposures to recreational receptors, future 

residents, and future industrial/commercial workers. No risks were identified to any receptor outside of 

EPA's acceptable risk range (lE-04 to lE-06), and no HI exceeded 1 for any receptor. 

1.4 SUPPLEMENTAL REMEDIAL INVESTIGATION ACTIVITIES 

Purposes of this SRI were to (1) assess impacts on soil, sediment, and surface water atthe Site; and 

(2) assess remaining buildings for hazardous substances in anticipation of possible building demolition 

and redevelopment. This SRI proceeded under authority of the Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980 (CERCLA) and the Superfund Amendments and 

Reauthorization Act of 1986 (SARA). 
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Tasks of this SRI included collection of the following samples for analyses for COCs: 

Wipe samples from building surfaces 

Building material samples 

Concrete core samples from building foundations and slabs 

Sub-slab soil samples (by use of Geoprobe® direct-push technology [DPT]) 

Surface water/sediment samples from the South Pond. 

Acquisition of groundwater data was not part of START's scope of work; however, EPA provided 

groundwater data obtained as part of the ongoing groundwater collection and treatment program atthe 

Site. A detailed description of these activities appears in a Trip Report (Tetra Tech 2016). The data used 

in the SRI included sub-slab soil sample data, surface water and sediment sample data, and groundwater 

sample data. Brief summaries of those sample data used to support the SRI are as follows: 

1.4.1 Soil Investigation 

The soil investigation consisted of soil sampling by use of DPT to collect subsurface soil samples at 

17 locations (2 to 4 per building location). These boring locations coincided with concrete coring 

locations and sample locations depicted on Figure 1-3. Soil samples submitted for laboratory analysis 

included those collected from each boring directly below the concrete (identified as 0-2 feet below ground 

surface [bgs ]), and subsurface samples collected within depth intervals of 8-10, 13-15, and 18-20 feet bgs, 

depending on depth of the water table and field observations (i.e., observed staining or detected odors). 

Soil samples were submitted to the EPA Region ?laboratory in Kansas City, Kansas, for analyses for 

volatile organic compounds (VOC), polychlorinated biphenyls (PCB), organochlorine pesticides, and 

chlorinated herbicides. A soil sample from the shallow sample interval (0-2 feet bgs) at each boring 

location was submitted to Pace Analytical for dioxin analysis. 

1.4.2 Surface Water and Sediment Investigation 

Tetra Tech collected 10 sediment samples and two surface water samples within the SPA. Sediment 

samples were collected at submerged areas of the pond near the water's edge. One of the two surface 

water samples was collected at the inlet of the pond, and the other at the outfall of the pond. Sample 

locations are depicted on Figure 1-4. Sediment and surface water samples were submitted to the EPA 

Region 7 laboratory for analyses for VOCs, PCBs, organochlorine pesticides, and chlorinated herbicides. 
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1.4.3 Groundwater 

Collection of groundwater samples was not included in START's scope of work. EPA forwarded to Tetra 

Tech the most recent groundwater treatment performance report (Fehr Graham 2016). This report 

included groundwater monitoring well data acquired during recent active treatment of contaminated 

groundwater at the Site. The purpose of this report was to assess performance of the groundwater 

recovery and treatment system. Data were obtained during April and October 2015. The data acquired 

during October were used in the SRI because those data were most recent and had been acquired from a 

higher number of monitoring and recovery wells at the Site. Sampling locations are shown on Figure 1-5. 

1.5 DOCUMENT ORGANIZATION 

Content and organization of the remainder of this comprehensiveRA document are as follows: 

Section 2.0: HHRA 

Section 3.0: Risk Assessment Summary and Conclusions 

Section 4.0: References. 

Portions of the SRI Report relevant to evaluation of risks are summarized herein; however, potential risks 

should be viewed in the full context of the SRI Report. Therefore, for a more comprehensive presentation 

and analysis of site-specific information and data, refer to the SRI Report. 
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2.0 HUMAN HEALTH RISK ASSESSMENT 

The HHRA conservatively characterizes risks and hazards to current and potential future human receptors 

potentially exposed to constituents detected in environmental media atthe Site. 

The objectives of the HHRA were as follows: 

To evaluate whether site-related constituents detected in environmental media pose unacceptable 
risks to current and potential future human receptors under conditions at the time of the SRI (i.e., 
unremediated conditions) 

To provide information to support decisions regarding need for further evaluation or action based 
upon current and reasonably anticipated (or hypothetical) future land use. 

Consistent with standard RA practice and EPA guidance, this HHRA includes the following components: 

Data Evaluation and Selection of Chemicals of Potential Concern (CO PC): Analytical data 
used in the HHRA are summarized from the SRI Report. COPCs in environmental media are 
identified through comparisons of maximum detected concentrations to conservative, risl<'-based 
screening levels and, where relevant, to site-specific background levels. 

Exposure Assessment: An initial qualitative discussion occurs of current and reasonably 
anticipated current and future land use scenarios (within each exposure area) under which 
exposure to site-related constituents could occur. Then, for each land use scenario, a set of 
exposure assumptions is developed to quantitatively evaluate that scenario via calculations of 
current and future risks. Medium-specific exposure point concentrations (EPC) are developed for 
each COPC within each human health exposure area, and conservative estimates of intake of each 
COPC by each receptor through selected pathways are calculated. 

Toxicity Assessment: Dose-response characteristics of carcinogens (including mutagens) and 
non-carcinogens are described, and toxicity values for each COPC are presented. 

Risk Characterization: For each receptor and exposure scenario, information derived from the 
exposure and toxicity assessments is combined to yield quantitative risk estimates that 
characterize the relationship between potential (or hypothetical) exposures and potential toxicity. 
Estimates of potential theoretical excess cancer risks and non-cancer hazards are provided and 
discussed, both qualitatively and quantitatively. Uncertainties associated with theRA are also 
discussed. 

Risk management is a separate step involving evaluations of ( 1) magnitudes of potential risks, and 

(2) necessity of corrective actions to mitigate those risks. 
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The remainder of Section 2.0, HHRA, is organized as follows: 

Section 2.1: HHRA Conceptual Site Model 

Section 2.2: Data Evaluation and COPC Selection 

Section 2.3: Human Health Exposure Assessment 

Section 2.4: Human Health Toxicity Assessment 

Section 2.5: Human Health Risk Characterization 

Section 2.6: HHRA Uncertainty Assessment 

Section 2. 7: HHRA Summary and Conclusions. 

Exposure pathways and receptors, exposure variables, and toxicity values are presented in tabular form in 

accordance with the standard tables of Risk Assessment Guidance for Superfund (RAGS) Part D 

(EPA 2001 ). All RAGS Part D Tables are presented in Attachment 1. 

2.1 HHRA CONCEPTUAL SITE MODEL 

This section presents the conceptual site model (CSM) for human receptors at the Site. The CSM 

identifies potentially complete exposure pathways by which receptors could come in contact with site

related constituents. The CSM is used throughout the site investigation and remediation processes to 

(l) provide a framework for addressing potential risks, (2) evaluate need for additional data acquisition 

activities, and (3) evaluate health risks and need for corrective measures. The human health CSM is 

diagrammatically presented on Figure 2-1, and summarized in the RAGS Part D Table 1 in Attachment l. 

As defined in RAGS Part A (EPA 1989), the following four elements are necessary to form a complete 

exposure pathway: 

A source or release from a source 

A mechanism of release and transport 

A point of contact for potential receptors 

An exposure route. 

If any one of the four elements is missing, the exposure pathway is incomplete. Generally, only 

potentially complete exposure pathways were evaluated in the HHRA. However, in some instances, 
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exposure pathways not reasonably anticipated to be complete were assumed and quantitatively evaluated 

to provide support for evaluation of risk management measures. 

The first two elements (a source or a release from a source and amechanism of release and transport) 

were discussed in Section 1.0. Briefly, historical operations at and discharges from site operations are 

believed to be sources of contamination at and adjacent to the Site. In addition, contaminants in surface 

soil may have migrated off site and impacted adjacent areas, including the pond, through erosion, surface 

water runoff, and redeposition of fugitive dusts. Finally, contaminants in soil may have leached to 

groundwater. 

The remaining two elements of the CSM-potential receptors' exposure points and exposure routes for 

the Site-are described in the following subsections. 

2.1.1 Potential Receptors and Exposure Points 

Current and future receptors reasonably anticipated or assumed exposed to site-related constituents in 

environmental media were identified based on the information presented in Section 1.2. Site receptors 

and exposure points are described as follows, and summarized in Table 1 of Attachment 1. 

Future Resident: Under this scenario, the Site could be developed for residential use in the 
future. Future on-site residents could be exposed to site-related contaminants in surface soil and 
subsurface soil, and to groundwater, if future residents choose to use groundwater as a drinking 
water source, or through vapor intrusion. Exposure to surface water and sediment was not 
included in the residential scenario. Assumedly, the residential receptor will not be exposed to 
surface water or sediment in the South Pond. 

Future Industrial/Commercial Workers: Under this scenario, the Site is redeveloped as an 
industrial or commercial site. Soil samples collected at the Site were either from beneath the 
asphalt or beneath the buildings, and future removal of these buildings and asphalt is assumed as 
part of the redevelopment. It was assumed that soil samples collected below the 
foundations/asphalt to depth of 2 feet will represent surface soils, and soil samples collected 
below the foundations/asphalt to depth of 10 feet represent soils to which future 
industrial/commercial workers would be exposed because of significant regrading of the Site. 
Future industrial/commercial workers will be exposed to soils and groundwater either via direct 
contact (assuming the groundwater is used as a drinking water source) and/or via vapor intrusion. 

Future Outdoor Worker: One potential future site use is as a recreational facility, such as a 
park with athletic fields. This would require a staff of workers to maintain these fields and other 
amenities at the Site. Assumedly, these workers would be exposed to soils only. 

Future Construction/Utility Workers: Construction workers could be exposed to site-related 
contaminants in environmental media while performing short-duration construction related to 
possible site redevelopment. Presumably, utilities would be installed in the future if the Site is 
redeveloped, requiring presence of utility workers for installation and maintenance. Therefore, the 
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future on-site construction worker could be exposed to site-related constituents in one or more of 
the following media: (1) soil (0-10 feet bgs, assuming intrusive activities), (2) groundwater via 
direct contact (incidental ingestion and dermal contact1 (3) air in a trench (via vapor intrusion). 

Future Recreational User: Assumedly, one potential future site use is as a recreational facility. 
Presumably, an adult, adolescent, or child would engage in a variety of activities at locations on 
the Site including, but not limited to, trails, athletic fields, and vegetated areas. These activities 
would include uses of athletic fields for baseball, football, and soccer; of playground equipment; 
and of trails or paths around the park. Picnics and other similar activities in the park also 
assumedly would occur. As part of their activities, recreational visitors could be exposed to soils 
(0 to 10 feet bgs), presuming the Site will have undergone redevelopment to become a park, and 
subsurface site soils will have been mixed and redistributed at the surface. The Sie hosts a small 
pond on the southern portion, and assuming this pond would remain after redevelopment, 
recreationalists may be exposed to sediment and surface water in the pond. 

Current and Future Trespasser: Evidence of trespassing has been observed at the Site. 
Presumably then, both adolescents and adults would have access to the property under both 
current and future uses. Assumedly, both adolescent and adult trespassers could be exposed to 
surface soils (0 to 2 feet bgs) not covered by pavement under current conditions, and to combined 
surface and subsurface soils (0 to 10 feet bgs) in the future. To the extent that trespassing 
continues in the future, current exposure conditions also are considered representative of future 
exposure conditions for the trespasser. The trespasser will also be exposed to surface water and 
sediment from the pond. 

2.1.2 Potential Exposure Routes 

Exposure routes quantitatively evaluated in the HHRA under the various exposure scenarios presented in 

Section 2.1.1 are described below, and are summarized in Table 1 of Attachment 1. Unless otherwise 

noted, the risks were evaluated by application of standard RAGS methodology. 

Future Resident: Incidental ingestion of, dermal contact with, and inhalation of particulates and 
vapors from surface soil (0-2 feet bgs) or all soil (0-10 feet bgs) assuming significant regrading as 
part of future redevelopment on site; ingestion o( dermal contact with, and inhalation of vapors 
from groundwater from domestic use, and inhalation of volatiles in groundwater via vapor 
intrusion to indoor air. 

Future Industrial/Commercial Worker: Incidental ingestion of, dermal contact with, and 
inhalation of particulates and vapors from surface soil (0-2 feet bgs) or all soil (0-10 feet bgs) 
assuming significant regrading as part of future redevelopment on site; ingestion and inhalation of 
vapors from groundwater due to domestic use, and inhalation of volatiles in groundwater via 
vapor intrusion to indoor air. 

Outdoor Worker: Incidental ingestion of, dermal contact with, and inhalation of particulates 
and vapors from surface soil (0-2 feet bgs) or all soils (0-10 feet bgs) assuming significant 
regrading as part of future redevelopment on site. 

Future Construction/Utility Workers: Incidental ingestion of, dermal contact with, and 
inhalation of particulates and vapors from soil (0-10 feet bgs) at the Site; and incidental ingestion 
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of and dermal contact with groundwater, and inhalation of vapors from groundwater in a 
construction trench. 

Future Recreational User: Incidental ingestion of, dermal contact with, and inhalation of 
particulates and vapors from soil (0-10 feet bgs); and incidental ingestion of and dermal contact 
with sediment and surface water. 

Current and Future Trespasser: Incidental ingestion of, dermal contact with, and inhalation of 
particulates and vapors from surface soil ( 0-2 feet bgs) on site (current) or all soil ( 0-10 feet bgs) 
on site (future), and incidental ingestion of and dermal contact with sediment and surface water at 
the pond. 

Specific exposure inputs for the above receptors are described in Section 2.3.3. 

2.2 DATA EVALUATION AND COPC SELECTION 

This section presents the HHRA data sets (summarized from the SRI report), describes the approaches for 

data evaluation and screening, and presents the COPCs for each exposure area atthe Site. Only soil 

analytical data obtained during the SRI and groundwater data from the groundwater treatment system 

evaluation report (Fehr Graham 2016) were evaluated in the HHRA. These data are considered the most 

up-to-date available and provide reasonable coverage. A conservative assumption was that conditions at 

the time of the SRI (i.e., unremediated conditions) are representative of current and future conditions. 

2.2.1 Data Sets for Des Moines TCE HHRA 

As discussed in Section 1.3, the HHRA addendum is based on available medium-specific analytical 

results associated with the SRI Report and groundwater treatment system evaluation report. These 

investigations involved collection and analyses of samples of soils, surface water, and sediment; 

groundwater data were obtained from another source. These investigations and resulting data are 

summarized as follows: 

Soil samples from 22 locations were collected beneath a number of buildings on site. Samples 
collected within 0-2 feet below the slab are considered surface soils, assuming removal of the 
building slabs and exposure of these soils during site redevelopment. Soils within 0-10 feet bgs 
are considered subsurface soils that could be exposed due to significant site disturbance and 
regrading. 

Two surface water samples and 10 sediment sample were collected from the pond on the southern 
portion ofthe Site. 

Groundwater samples were collected from six of the eight monitoring wells as part of the 2015 
evaluation of the groundwater treatment system. Only data from wells east of the Racoon 
River/Des Moines River were used in the HHRA addendum. These samples were analyzed for 
VOCs only. 
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Medium-specific lists of analytical results for constituents detected at least once in a medium at the Site 

appear in Tables 2.1 through 2.4 in Attachment 1. 

2.2.2 Data Evaluation 

This section summarizes procedures applied to validate analytical data and to address duplicate samples. 

2.2.2.1 Data Validation 

Data were evaluated based on completeness, holding times, initial and continuing calibrations, surrogate 

recoveries, internal standards, compound identification, laboratory and fieldquality assurance/quality 

control (QA/QC) procedures and results, reporting limits (RL), documentation practices, and application 

of validation qualifiers (EPA 1992). Rejected (R-qualified) data were not included in screening or risk 

estimations. Each censored value (U- or UJ-qualified value) was assigned the reported RL. Uncertainties 

associated with inclusion or exclusion of data based on the assigned data qualifiers are discussed in the 

uncertainty section. 

2.2.2.2 Duplicate Sample Data 

During the SRI, field duplicate samples were collected at several sampling locations for evaluation in the 

HHRA. Before data analysis occurred (i.e., before screening and EPC calculations), duplicate sample 

results were processed as follows: 

If a constituent was detected in both samples, the higher of the two values was used. If a constituent 
was detected in one sample but not the other, the detected concentration was used. 

2.2.3 HHRA Screening Process 

This section describes the screening process, including screening levels, background screening, and 

evaluation of non-detected constituents. Consistent with EPA's approach to selection of chemical 

constituents for quantitative evaluation, maximum detected concentrations of constituents were compared 

to conservative screening levels to identify COPCs. 

2.2.3.1 Screening Levels 

If the maximum detected constituent concentration was less than its screening criterion, the constituent 

was eliminated as a COPC because the constituent would not contribute significantly to overall risk 

(EPA 1993). Exceedances of screening levels do notin themselves indicate an unacceptable risk. Rather, 

exceedance of a screening level indicates need for further evaluation in the RA. Screening levels for 

X9025.16.0144.000 2-6 

ED_001521A_00007994-00019 



Des Moines TCE Site- Human Health Risk Assessment Addendum 

environmental media at the Site are summarized as follows; the values used are in Attachment 1, 

Tables 2.1 through 2.4: 

Soils: Each soil screening value for protection of human health based on direct exposure was 
selected as an EPA regional screening level (RSL) (EPA 2016a) for residential soils (based on an 
excess cancer risk of lE-06 or a hazard quotient [HQ] of 0.1 for noncancer effects). 

Groundwater: Each groundwater screening value for protection of human health based on direct 
contact exposures (e.g., potable use) was selected as the lower of: (1) federal maximum 
contaminant level (MCL) (EPA 2016a) or (2) EPA RSL (EPA 2016a) for tapwater (based on an 
excess cancer risk of lE-06 or an HQ of 0.1 for noncancer effects). However, for the purpose of 
screening for protection of human health via the vapor intrusion pathway, the EPA vapor 
intrusion screening level (VISL) Calculator (EPA 2016b) target groundwater concentration was 
used (based on an excess cancer risk of lE-06 or an HQ ofO.l for noncancer effects). 

Surface Water: Surface water screening values for protection of human health based on direct 
contact exposures (e.g., incidental ingestion, dermal contact, and inhalation) were selected as 
EPA RSLs (EPA 2016a) for tapwater (based on an excess cancer risk of lE-06 or an HQ of 
0.1 for noncancer effects). 

Sediment: Sediment screening values for protection of human health based on direct contact 
exposures (e.g., incidental ingestion, dermal contact, and inhalation) were selected as EPA RSLs 
(EPA 20 16a) for residential soil (based on an excess cancer risk of lE-06 or an HQ of 0.1 for 
noncancer effects). 

2.2.3.2 Evaluation of Non-Detected Constituents 

To ensure that elevated RLs did not result in inappropriate exclusion of chemicals from further 

evaluation, one-half of the maximum RL of a constituent not detected in a given medium was compared 

to the appropriate screening level. For the Site, these comparisons are discussed as part of the uncertainty 

discussion (Section 2.6). Exceedances were reviewed case by case; no additional COPCs were identified 

based on these comparisons. 

2.2.3.3 COPC Identification 

Summary statistics for detected constituents, human health screening levels (HHSL), COPCs, and the 

basis for COPC selection or exclusion are presented in Attachment 1 in Tables 2.1 through 2.4. The 

following COPCs were identified for these media: 

Surface Soil- p,p'-Dichlorodiphenyltrichloroethane (DDT), 2,3, 7 ,8-tetrachlorodibenzo-p-dioxin 
(TCDD) toxicity equivalents (TEQ), chloroform, cis-1,2-dichloroethene (DCE), and TCE. 

Subsurface Soil-p,p'-DDT, 2,3,7,8-TCDD TEQ, chloroform, cis-1,2-DCE, and TCE. 

Pond Sediment- aldrin, alpha-chlordane, gamma chlordane, and dieldrin 
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Pond Surface Water- alpha-chlordane, gamma chlordane, and dieldrin 

Groundwater- 1,2-dichloroethane, 1,2-DCE (total cis+trans), TCE, and vinyl chloride. 

2.3 EXPOSURE ASSESSMENT 

Exposure assessment is the process of measuring or estimating intensity, frequency, and duration of 

human exposure to a chemical in the environment. This section describes current and future land use 

assumptions, characterizes exposure factors for potential receptors, discusses mechanisms by which these 

receptors might come in contact with COPCs in environmental media, and estimates degree of contact 

between potential human receptors and COPCs. This information is integrated with EPC estimates and 

intake assumptions to quantitatively estimate exposure (dose). In accordance with EPA guidance, an 

exposure assessment consists of three basic steps (EPA 1989): 

1. Characterization of the exposure setting (physical environment and potential receptors). 

2. Identification of exposure pathways (constituent sources, exposure points, and exposure routes). 

3. Quantification of pathway-specific exposures (EPCs, calculation of receptor intakes, and 
exposure assumptions). 

The first two basic steps are described in detail in Sections 1.2 and 2.1, respectively, and 

diagrammatically presented in the site-specific human health CSM (Figure 2-1). The third basic step, 

quantification of exposures, is described in the following subsections. 

Risks were estimated for a reasonable maximum exposure (RME) scenario to provide ahigh-end risk 

estimate for use by risk managers. The RME is estimated by selecting values for exposure variables such 

that the combination of all variables results in the nnximum exposure reasonably expected. The 

following sections present the methods applied to estimate EPCs, equations used to calculate risk, and 

RME assumptions and rationales for these. 

2.3.1 Exposure Point Concentrations 

EPCs were developed for both non-modeling (direct) and modeling scenarios. Approaches to calculate 

EPCs under these two scenarios are presented in Sections 2.3.1.1 and 2.3.1.2, respectively. Section 

2.3.1.3 identifies locations of medium-specific EPCs. 
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2.3.1.1 Non-Modeling (Direct) 

EPCs were calculated as the 95 percent upper confidence limit (UCL) on the mean by use of EPA's 

ProUCL Version 5.1.00 statistical software package (EPA 2015c). The EPC was generally selected as the 

95 percent UCL of the statistical method recommended by ProUCL. However, following EPA (2015c), 

this may be estimated by a 95, 97.5, or99 percent UCL depending on sample size, skewness, and degree 

of censorship. Statistical treatment was not applied to constituents detected in fewer than eight samples. 

Under this circumstance, the maximum detected concentration was used as the EPC. The results are 

presented in Attachment 2. 

Groundwater involves unique circumstances that complicate calculation ofEPCs. Receptors are not 

expected to be exposed to groundwater from multiple locations across an exposure area. Rather, 

receptors may ingest groundwater from a single well installed at a particular location or may have direct 

contact with groundwater in a construction trench at a particular location. For the evaluation of potential 

exposure to groundwater, maximum detected concentrations were selected as EPCs under all groundwater 

exposure scenarios. This approach is conservative in that not all maximum concentrations occur at a 

single well location. The uncertainty associated with this approach is discussed in theuncertainty 

assessment (Section 2.6). 

2.3.1.2 Modeling 

Modeling was used to generate medium-specific EPCs within media not sampled directly. Specifically, 

modeling was used to estimate EPCs within indoor air and trench air, as discussed below. 

Indoor Air 

Migration ofVOCs from underlying groundwater and soil into indoor air (subsurface vapor transport) 

was evaluated consistent with EPA guidance, including Draft Guidance for Evaluating the Vapor 

Intrusion to Indoor Air Pathway from Groundwater and Soils (Subsurface Vapor Intrusion Guidance) 

(EPA 2002b), User's Guide for Evaluating Subswface Vapor Intrusion into Buildings(EPA 2004a), and 

Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway from Subsurface Vapor 

Sources to Indoor Air (EPA 20 15b ). EPA's VISL calculator (Version 3.5 .1) was also used (EPA 20 16b ). 

The HHRA evaluates potential risk associated with volatilization to indoor air at the Site. It was 

conservatively assumed that buildings have basements. Modeled indoor air concentrations and resulting 

risks are documented and presented in Attachment 4. 
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Trench Air 

Concentrations ofVOCs in outdoor air at the sumps was estimated by application of a methodology 

developed by the Virginia Department of Environmental Quality (VDEQ) as part of its "Voluntary 

Remediation Program Risk Assessment Guidance" (VDEQ 2007) for estimating air concentrations within 

a trench in contact with groundwater. This methodology assumes a default trench 3 feet wide, 8 feet long, 

and 8 feet deep. The methodology's algorithms can be modified depending on depth to groundwater 

(greater or less than 15 feet bgs). If groundwater is less than 15 feet bgs, the model assumes groundwater 

is in the bottom of the trench and contaminants volatilize into the trench. Attachment 3 documents 

procedures and assumptions applied to calculate property-specific groundwater-to-trench air volatilization 

factors (VF) for each CO PC. Each COPC-specific VF was multiplied by the detected concentration of 

that COPC to derive COPC-specific air concentrations within a trench. 

PEF Calculation 

Site-specific particulate emission factors (PEF) were calculated for non-volatile chemicals, defined as 

chemicals with molecular weights greater than 200 and Henry's Law Constants exceeding 1 x l o·5
. PEPs 

were calculated by use of the region-specific parameters for Climatic Zone 5 (Lincoln, Nebraska), 

presented in the "Supplement Guidance for Developing Soil Screening Levels for Superfund Sites" 

(EPA 2002a). The equation and input parameters are as follows: 

where: 

PEF 

Q/Cwind 

v 

F(x) 

X9025.16.0144.000 

PEF ::J QICwind ::J(3,600s I h) 
0.036::J (1 ::J V) ::J (U m I U

1 
)

3 ::J F(x) 

Particulate emission factor (cubic meters per kilogram [m3/kg]) 

Inverse of the ratio of the geometric mean air concentration to the emission flux at 

center of a square source (grams per square meter-second [g/m2-s] per kilograms per 

cubic meter [kg/m3
]) 

Fraction of vegetative cover (unitless) 

Mean annual wind speed (meters per second [m/s]) 

Equivalent threshold value of wind speed at 7 m/s 

Function dependent on Um!Ut derived using Cowherd and others (1985) as cited in 

EPA 2002a. 
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2.3.1.3 Medium-specific EPCs 

Medium-specific EPCs, calculated as described in previous sections, are presented in Attachment 1, 

Tables 3.1 through 3.7, organized by medium. 

2.3.2 Calculation of Receptor Intakes 

For the purpose of quantitative risk assessment, dose is the quantification of exposure to constituents in 

environmental media. The type of dose or exposure estimate used in a risk assessment depends on the 

route of exposure. Ingested and dermally absorbed doses both are presented in daily dose rates per unit of 

body weight (milligrams per kilogram per day [mg/kg-day]); "chronic daily intake" (CDI) is the general 

parameter used to quantify exposure dose for ingestion and dermal contact pathways. Inhalation 

concentrations are calculated as the amount of constituent per cubic meter of air Q'nilligrams per cubic 

meter [mg/m3
) or micrograms per cubic meter [11g/m3

]); "chronic daily exposure" (CDE) is the general 

parameter used to quantify exposure for inhalation pathways. In the risk characterization stage, dose 

estimates are combined with toxicity criteria to estimate potential risk associated with exposure to 

COPCs. (Note: For the inhalation pathway risk evaluation, receptor exposure concentrations are used in 

conjunction with concentration-dependent toxicity factors.) 

For scenarios involving receptors between 0 and 16 years of age, age-adjusted ingestion rates and age

adjusted dermal contact rates were used to estimate exposure. These adjustments account for differences 

in body weights, exposure durations (ED), ingestion rates, skin surface areas, and soil-to-skin (or 

sediment-to-skin) adherence factors among various age groups. For mutagenic compounds, these rates 

also take into account age-specific susceptibility to mutagens through use of an age-dependent adjustment 

factor (ADAF) (EPA 2005a, 2016a). 

The following subsections present equations for calculating the intake for each exposure pathway 

evaluated in the HHRA by medium: soils (Section 2.3.2.1), sediment, (Section 2.3.2.2), groundwater and 

surface water (Section 2.3.2.1), and sediment (Section 2.3.2.3). 

2.3.2.1 Exposure to COPCs in Soil 

This section presents equations for calculating intake of COPCs from soil via ingestion, dermal contact, 

and inhalation. 
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Incidental Ingestion of COPCs in Soil 

The CDI received through incidental ingestion of COPCs in soil was calculated as follows: 

where: 

CDI;ng_o-16 

CDLng_I6+ 

EPC 

IRS 

IRSadi 

RBA 

FI 

EF 

ED 

CF 

BW 

AT 

or 

CDI _ = EPC=JRs=RBA=FI=EF=ED=CF 
zng_

16 BW =AT 

Chronic daily intake ofCOPCs via ingestion for children ages 0 to 16 (mg/kg-day) 

Chronic daily intake ofCOPCs via ingestion for adults ages 16 and older (mg/kg-day) 

Exposure point concentration in soil (mg/kg) 

Ingestion rate of soil (milligrams per day [mg/day]; incorporatedinto IRSadj) 

Age-adjusted ingestion rate of soil (milligram-year per kilogram-day [ mg-year/kg-day]) 

Relative bioavailability ( unitless; chemical-specific) 

Fraction ingested from contaminated source 

Exposure frequency (days/year) 

Exposure duration (years; incorporated into IRSadi) 

Conversion factor for soils (1 X I0-6 kilogram per milligram [kg/mg]) 

Body weight (kilograms [kg]; incorporated into IRSadi) 

Averaging time (days) 

AT c (carcinogens) = 70-year life-time x 365 days/year 

ATnc (non-carcinogens)= ED (years) x 365 days/year 

EPA guidance recommends a tiered approach beginning with an assumption of 100 percent 

bioavailability, followed by use of default bioavailability values and continuing with developrrent of site

specific bioavailability factors. 
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Dermal Contact with COPCs in Soil 

The CDI received through dermal contact with constituents in soil was calculated as follows: 

where: 

EPC :::J DAF :::J DFS d. :::J EF :::J CF 
CD! ---, au 

derm o-16 _j 

AT 

or 

EPCD DAFD SAD AF D EF D EDD CF 
CD!derm 16- D ----------------

- BWDAT 

CDiderm o-16= Chronic daily intake ofCOPCs via dermal contact for children ages 0 to 16 
(mg/kg-day) 

CDiderm 16+= Chronic daily intake ofCOPCs via dermal contact for adults ages 16 and older 
(mg/kg-day) 

EPC Exposure point concentration of constituent in soil (mg/kg) 

DAF Dermal absorption fraction (unitless; chemical specific) 

SA Skin surface area exposed (square centimeters per day [em/day]; incorporated into the 
DFSadi) 

AF Soil-to-skin adherence factor (milligrams per square centimeter [mg/cm]; incorporated 
into DFSadj) 

DFSadi Age-adjusted dermal contact factor for soil (mg-year/kg-day) 

EF Exposure frequency (days/year) 

ED Exposure duration (years; incorporated into DFSadi) 

CF Conversion factor for soils (1 X I0-6 kg/mg) 

BW Body weight (kg; incorporated into the DFSadi) 

AT Averaging time (days) 

AT c (carcinogens) = 70-year life-time x 365 days/year 

ATnc (non-carcinogens)= ED (years) x 365 days/year 

DAF values, if available, were reported in the EPA RSL tables(EPA 2016a). If a chemical-specific DAF 

was not identified in the RSL table, the dermal pathway was excluded from quantitative evaluation in the 

HHRA. 
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Inhalation of Volatiles and Airborne Particulates from COPCs in Soil 

Soil EPCs were converted to outdoor air EPCs by use of the following equation: 

where: 

EPC ::J EPC 
a PEF::J VF 

Exposure point concentration in air (mg/m3
) 

Exposure point concentration in soil (mg/kg) 

EPCa 

EPC 

PEF 

VF 

Particulate emission factor (m3 /kg) (climatic zone 5 PEF values were used) 

Volatilization factor ( m3 /kg) (chemical-specific) 

The potential exposure concentration for inhalation of particulates or volatile constituents released from 

soil was calculated by use of the following equations based on consideration of EPA's RAGS Part F 

guidance (EPA 2009): 

CDE , EPCa ::JEF::JED::JET::JCF1 

inh NC---" 
ATnc 

or 

c-c EPCa ::J EFDEDadj DETD CFa DCF; 
CA ~ 

A~ 

where: 

CDLnh Nc Chronic daily exposure to non-carcinogenic COPCs via inhalation for adults (ages 16 
and older- mg/m3

) 

CDLnh cA Chronic daily exposure to carcinogenic/mutagenic COPCs via inhalation for adults 
(ages 16 and older-11g/m3

) 

EPCa Exposure point concentration in air (mg/m3
) 

EF Exposure frequency (days/year) 

ED Exposure duration (years) 

EDadi Age-adjusted exposure duration for carcinogens 

ET Exposure time (hours) 

CFt Conversion factor (1/24 day/hours) 

CFa Conversion factor (1 x 10+3 micrograms per milligram [11g/mg]) 
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AT Averaging time (days) 

AT c (carcinogens) = 70-year life-time x 365 days/year 

ATnc (non-carcinogens)= ED (years) x 365 days/year 

2.3.2.2 Sediment 

Ingestion and dermal equations presented in the previous sections for estimating COPC intake from soil 

were also used to estimate intake of sediment from the pond. Inhalation of sediment was considered an 

insignificant exposure pathway, and therefore was not evaluated in the HHRA addendum. 

2.3.2.3 Surface Water and Groundwater 

This section presents equations for calculating intake of COPCs from surface water and groundwater via 

ingestion, dermal contact, and inhalation. 

Ingestion of COPCs in Surface Water and Groundwater 

The CDI received through ingestion of constituents in water (surface water and groundwater) was 

calculated as follows: 

where: 

_, EPCw :::J IR w;,dj :::J FI :::J EF :::J CFw 
CDiing w o 16 _j--------'--------

- AT 

CDLng-w_0-16= Chronic daily intake ofCOPCs via ingestion of water for children ages 0 to 16 

(mg/kg-day) 

CDI;ng-w_16+= Chronic daily intake ofCOPCs via ingestion of water for adults ages 16 and older 

(mg/kg-day) 

EPCw Exposure point concentration in water (micrograms per liter [!lg/L]) 

IRW Ingestion rate of water (!lg/L; incorporated into IRWadi) 

IRWadi Age-adjusted ingestion rate of water (liter-year per kilogram-day [L-year/kg-day]) 

IRW child Ingestion rate of water- child (liters per day [L/day]) 

FI Fraction ingested from contaminated source 

EF Exposure frequency (days/year) 

ED Exposure duration (years; incorporated into IRWadi) 
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BW 
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Exposure duration - child (years) 

Conversion factor for water ( 1 x 1 o-3 milligram per microgram [ mg/11g]) 

Body weight (kg; incorporated into IRWadi) 

Body weight - child (kg) 

Averaging time (days) 

ATc(carcinogens) = 70-year life-timex 365 days/year 

ATnc (non-carcinogens)= ED (years) x 365 days/year 

Dermal Contact with COPCs in Surface Water and Groundwater 

CD Is received through dermal contact with COPCs in water (surface water and groundwater) are 

calculated differently for inorganic and organic constituents. Equations used to calculate CD Is for 

inorganic COPCs are presented first, followed by equations used to calculate CDis for organic 

constituents. 

Inorganics 

DI . 
"· EPCw =:J K p =:J DF~dj EF =:J EV=:J ET =:J CFw =:J CFv 

C derm w(z)_O 16 -----------"--A-T----------

where: 

CDiderm-w(i)_O-I6=Chronic daily intake of inorganic COPCs via dermal contact with water for children 

ages 0 to 16 (mg/kg-day) 

CDiderm-w(i)_I6+= Chronic daily intake of inorganic COPCs via dermal contact with water for adults ages 

16 and older (mg/kg-day) 

EPCw 

SA 

DFWadi 

Exposure point concentration of constituent in water (!lg/L) 

Dermal permeability constant (centimeters per hour [em/hour]) 

Skin surface area exposed to water (square centimeters [cm2
]; incorporated into 

DFWadi) 

Age-adjusted dermal contact factor for water (square centimeters-year per kilogram 

[ cm2-year/kg]) 

EF Exposure frequency (days/year) 

EV Event frequency (event/day) 

ED Exposure duration (years; incorporated into DFWadi) 
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CFw 

CFv 

BW 

AT 

Organics 

where: 
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Exposure time (hours/event) 

Conversion factor for water (l X I0-3 mg/!lg) 

Conversion factor for surface water volume (l x 10"3 liter per cubic centimeter [L/cm3
]) 

Body weight (kg; incorporated into DFWadj) 

Averaging time (days) 

ATe (carcinogens) = 70-year life-time x 365 days/year 

ATnc (non-carcinogens)= ED (years) x 365 days/year 

_ DAevent =sA =Ev=EF =ED 
CD!derm w(o) 16 - ____ B_W_=_A_T ___ _ 

CDiderm-w(o)_0-16=Chronic daily intake of organic COPCs via dermal contact with water for children ages 

0 to 16 (mg/kg-day) 

CDiderm-w(o)_16+=Chronic daily intake of organic COPCs via dermal contact with water for adults ages 

16 and older (mg/kg-day) 

SAw 

SAchiid 

DFWadio 

EV 

EF 

ED 

BW 

BWehiid 

AT 

DAevent 

X9025.16.0144.000 

Skin surface area exposed to water (cm2
; incorporated into DFWadj) 

Skin surface area for a child exposed to water ( crrr) 

Age-adjusted dermal contact factor for water ( crrr-year/kg) 

Event frequency (event/day) 

Exposure frequency (days/year) 

Exposure duration (years; incorporated into DFSadi) 

Body weight (kg; incorporated into DFSadi) 

Body weight for a child (kg) 

Averaging time (days) 

ATe (carcinogens)= 70-year life-timex 365 days/year 

ATnc (non-carcinogens)= ED (years) x 365 days/year 

ATehiid (VC ATe)= EDehiid (years) x 365 

Absorbed dose per event (milligrams per square centimeter per event [mg/cm-event]) 

(see equations below for calculating DAevent) 
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where: 

If !event :'S t*, then: 

-6- - -M 
DA -2-F'A-K -EPC -cD -cD -- _taoevent-tevent

event - - - P- W- 1 'v - 1 'w _ _ _ 

If !event> t*, then: 

D ,A -FA-K -EPC -cF -cF -~teventJ;~2 - _UJ3BJ3B~ 
fievent _j _j P _j W _j V _j W _j-c--J.--=;-~. ___; J _j tao event _j : -, 0 -:r 

where: 

FA 

Kp 

EPCw 

CFw 

CFv 

fevent 

t* 

taO event 

B 

jJ1_jB_j J D_jB JJ 

Fraction absorbed water (dimensionless) 

Dermal permeability constant (em/hour) 

Exposure point concentration of constituent in water (!lg/L) 

Conversion factor for water (1 X I0-3 mg/!lg) 

Conversion factor for water volume (1 X 1 o-3 L/cm3
) 

Receptor ET (hours/event; for aggregate residents, maximum of child and adult ET) 

Time to reach steady state (hours) 

Lag time per event 

Ratio of permeability coefficient of a compound through the corneum relatiw to its 

permeability coefficient across the viable epidermis 

Dermal permeability constant (Kp) values expressed in units of em/hour were taken directly from the EPA 

RSL tables (EPA 2016a), which cite EPA's DERMWIN program and RAGS PartE (EPA 2004b). 

2.3.2.4 Inhalation of Volatile COPCs in Groundwater 

Concentrations of volatile groundwater COPCs in indoor air as indoor air concentrations resulting from 

household use of groundwater were estimated by use of the Andelman Volatilization Factor (K); indoor 

air concentrations of volatile COPCs from groundwater via vapor intrusion were estimated by use ofEPA 

Vapor Intrusion Screening Level calculator version 3.5.1 (EPA 2016b ); and concentrations of volatile 

COPCs in trench air were estimated by use of the VDEQ (VDEQ 2007) trench model. With the 

calculated air concentrations in units of 11g/m3
, the CDE received from inhalation of vapors in air was 

calculated by use of the following equations based on consideration of EPA's RAGS Part F guidance 

(EPA 2009): 
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c-c EPCa =:J EFDEDMadj DETD CF; CDEinh CA ~ ________ ....::.._ ___ _ 

A~ 

EPC =:J EFDED d. DETDCF1 . EPC =:J EFDED h·zd DETh.zd D CF 
CDE c-c a au ~ a cz cz t 

inh vc _ agres ~ ~ 

where: 

CDEinh NC 

CDEinh CA 

CDLnh-vc_agres 

EPCa 

EF 

ED 

EDadi 

EDMadi 

ED child 

ET 

ETchiid 

CFt 

CFnc 

AT 

A~ A~hizd 

Chronic daily exposure to non-carcinogenic COPCs via inhalation for adults (ages 16 
and older- mg/m3

) 

Chronic daily exposure to carcinogenic/mutagenic COPCs via inhalation for adults 
(ages 16 and older-11g/m3

) 

Chronic daily intake ofVC inhalation for aggregate residents (11g/m3
) 

Exposure point concentration in air (mg/m3
) 

Exposure frequency (days/year) 

Exposure duration (years) 

Age-adjusted exposure duration for carcinogens 

Age-adjusted exposure duration for mutagens 

Exposure duration - child (years) 

Exposure time (hours) 

Exposure time - child (hours) 

Conversion factor- time (1/24 day/hours) 

Conversion factor- noncancer (1 x I0-3 mg/11g) 

Averaging time (days) 

AT c (carcinogens) = 70-year life-time x 365 days/year 

ATnc (non-carcinogens)= ED (years) x 365 days/year 

AT child (child- used only for VC ATe)= EDchild (years) x 365 

2.3.3 Receptor Exposure Assumptions 

The RAGS Part D 4 Series tables (included as part of Attachment 1) list the exposure factors used to 

estimate risks under RME scenarios to provide risk estimates for use by risk managers. As des::ribed 

previously, the RME was estimated by selecting values for exposure variables so that the combination of 

all variables results in the maximum exposure reasonably expected at a site (EPA 1993). The tables also 

list references used to select the exposure assumptions. Exposure assumptions are based on a 

combination of standard default values from EPA guidance documents and best professional judgment 

considering site-specific information. The following sections present rationales for selection; of exposure 

assumptions regarding each receptor evaluated for the Site. 
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2.3.3.1 Future Residents Exposure Factors 

The Site could be developed for residential use in the future. Under this scenario, residents were assumed 

exposed to site-related constituents in surface soil (0-2 feet bgs), all soil (0-10 feet bgs), and groundwater. 

In addition, hypothetical residents were also assumed exposed to vapors in indoor air that migrate through 

the building sub-slab soil via diffusion and advection. 

As discussed below, two groups-child and aggregate residents-were considered in the exposure 

assessment. The method for calculating risk to aggregate residents used age-adjusted ingestion, dermal, 

and inhalation factors to take into account respective differences in daily ingestion and surface area, body 

weights, and exposure durations between children and older residents. 

Child Resident Exposure Factors 

The child resident scenario was deemed more conservative and appropriate for the evaluation of potentia 

noncarcinogenic risk because noncarcinogenic risk is an event-driven phenomenon and not a result of 

exposure over a lifetime. Age-adjusted soil ingestion and dermal contact rates are used to estimate 

exposure under scenarios involving receptors 0 to 16 years old. The child resident exposure factors for 

potential soil exposures are presented in Table 4.1.1.RME of Attachment 1, and are discussed as follows: 

RME IRS of200 mg/day is the EPA (2016a) recommended upper-bound soil intake value for 
children in a residential exposure setting. 

It was conservatively assumed that a resident would receive all of his or her daily incidentally 
ingested soil from the Site (FI = 1 ). 

RME AF of0.2 mg/cm2 is the EPA (2016a) default RME value for a child resident. 

SA of 2,373 cm2 is the EPA (2016a) default value for a child resident. 

EF of 350 days per year is the EPA (20 16a) default value for residents. 

By default, ED for the child resident is 6 years (0 to 6 years old) (EPA 20 16a). 

RME ET of24 hours/day is the defaultET for residents (EPA 2016a). 

BW of 15 kilograms is the EPA (2016a) default child body weight. 

Consistent with EPA (1989, 2016a) guidance, ATnc equals ED and corresponds to 2,190 days 
for RME. Carcinogenic effects on residents are evaluated under the aggregate resident scenario 
only. 

Groundwater was evaluated as a potable water source at the Site for future residential receptors. 

Exposure pathways for groundwater at the Site include exposure of future residents to groundwater 

through ingestion, dermal contact, and inhalation during household use. In addition, potential exposure 

through inhalation of indoor air will be evaluated to assess risks from volatile chemicals in groundwater 
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that may migrate through the vadose zone and into buildings. EF, ED,ET, and AT parameters are the 

same as those used to estimate potential exposure to soil. Groundwater-specific exposure parameters are 

presented in Table 4.1.2.RME of Attachment 1, and are summarized as follows: 

RME ingestion rate of groundwater (IRGW) of 0. 78 L/day is the recommended default 
ingestion rate for residential children (EPA 20 16a). 

RME SA of 6,365 cm2 is the EPA (20 16a) recommended default SA for residential children 
exposed during bathing. 

RME ET of24 hours/day is the default ET for residents(EPA 2016a). 

RME exposure time bathing (ETb) value of0.54 hour/day is the EPA (2016a) recommended 
time spent bathing for residential children. 

Aggregate Resident Exposure Factors 

The aggregate resident scenario was used to evaluate potential carcinogenic (and mutagenic) risk to a 

future resident because potential carcinogenic risk is estimated over the lifetime of an individuaL Age

adjusted soil ingestion and dermal contact rates are used to estimate exposureunder scenarios involving 

receptors 0 to 16 years old. The age-adjusted aggregate resident (0 to 26 years old) exposure factors for 

potential soil exposures are presented in Table 4.2.1.RME of Attachment 1, and are discussed as follows: 

IRSadi for the aggregate resident is based on EPA (2016a) exposure inputs and the equation 
presented below. The resulting RME IRSadi for the aggregate resident is 105 mg-year/kg-day. 

IRS . - EDo 2 =IRS child - ED2 6 =IRS child - ED6 16 =IRS adult - ED16 26 =IRS adult 
ad; - -

B Wchild B Wchild B Wadult B Wadult 

o The total RME ED of 26 years is based on the 9Qili percentile for time at one residence 
(EPA 2016a). The youngest receptors were assumed for the EDs because the early years 
generally are the most sensitive to exposure for the RME (0 to 26 years old for RME). 

o RME IRS corresponds to EPA-recommended soil intake values for residential exposure 
of200 mg/day for children and 100 mg/day for adults (EPA 2016a). 

o EPA default BW values of 15 kg for child receptors and 80 kg for adult receptors were 
used for the aggregate resident (EPA 20 16a). 
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To account for potential mutagenic effects during early life exposure (before age 16), EPA applies an 

ADAF to each of the four residential age groups identified above (0 to 2, 2 to 6, 6 to 16, and 16 to 

26 years old). Thus, for mutagenic compounds, the IRSadi equation is modified as presented below. The 

resulting RME age-adjusted ingestion rate of soil for mutagens (IRSMadj) is 477 mg-year/kg-day. 

o For ages 0 to 2, ADAF is 10. 

o For ages 2 to 6, ADAF is 3. 

o For ages 6 to 16, ADAF is 3. 

o For ages 16 to 26, ADAF is 1. 

Conservative assumption was that a resident would receive all of his or her daily incidentally 
ingested soil from the Site (FI = 1 ). 

DFSadi for the aggregate resident is based on EPA (2016a) exposure inputs and the equation 
presented below. The resulting RME DFSadi for the aggregate resident is 325 mg-year/kg-day. 

DFSadJ = EDo 2 = SAchild = AFchild - ED2 6 = SAchild = AFchild = ED6 16 = SAadult = AFadult = ED16 26 = SAadult = AFadult 

B ~hild B ~hild B n:dult B n:dult 

o Total RME ED of 26 years is based on the 90th percentile for time at one residence (EPA 
2016a). The youngest receptors were assumed for the EDs because the early years 
generally are the most sensitive to exposure (0 to 26 years old for RME). 

o Child and adult SAs are EPA (2016a) default values of2,727 and 6,032 cm2
, 

respectively. 

o Child and adult RME AFs are EPA (2016a) default values of0.2 and 0.07 mg/cm2
, 

respectively. 

o Child and adult BWs are EPA (2016a) default values of 15 and 80 kg, respectively. 

EPA assumes that children 0 to 2 years old are 10 times more susceptible to mutagenic effects, 
children 2 to 6 years old are 3 times more susceptible, adolescents 6 to 16 years old also are 
3 times more susceptible, and adults have no increase in susceptibility (EPA 2016a). The RME 
age-adjusted dermal contact factor for soil for mutagens (DFSMadi) for the aggregate resident is 
based on EPA (2016a) exposure inputs described above, and was calculated as follows: 

DFSM _ ED 0 2 - SAdu!J - AF,h,IJ -10 _ ED 2 6 - SAduiJ- AF,hJJ- 3 _ ED 6 16 - SA,J'"'- AF,J,1,- 3 _ ED 16 30 - SA,J,h- AF,J,1, -I 

ad; B JV chziJ B JV child B JV adult B JV adult 

The resulting RME DFSMadj is 1,379 mg-year/kg-day. 

EF of 350 days per year is the EPA (20 16a) default value for residents. 

Total RME ED of 26 years is based on the 90th percentile for time at one residence (EPA 
2016a). This term is not included in the ingestion and dermal intake equations for the future 
aggregate resident because age-adjusted rates account for BW and ED. 

The RME EDM term is used in the inhalation equation and is 72 years based on the ADAF 
values listed previously. 
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As described in the previous section, groundwater is evaluated as a potable water source for future 

residential receptors. Exposure pathways for groundwater include exposure of future residents to 

groundwater through ingestion, dermal contact, and inhalation during household use. In addition, 

potential exposure through inhalation of indoor air will be evaluated to assess risks from volatile 

chemicals present in groundwater that could migrate through the vadose zone and into buildings. EF, ED, 

and AT parameters are the same as those used to estimate potential exposure to soil. ET parameters are 

the same as those used to estimate potential child groundwater exposure. Age-adjusted, groundwater

specific exposure parameters are presented in Table 4.2.2.RME of Attachment 1, and are summarized as 

follows: 

The RME age-adjusted ingestion rate of groundwater (IRGWadi) for aggregate residents is 
based on EPA (2016a) exposure inputs and the equation presented below. The resulting RME 
IRGWadj value is 0.94 mg-year/kg-day. 

IRGW . - EDo 2 = IRGWchild - ED2 6 = IRGWchild - ED6 16 = IRGWadult - ED16 26 = IRGWadult 
ad; - -

B Wchild B Wchild B Wadult B Wadult 

o Total RME ED of 26 years is based on the 9(Jh percentile for time at one residence (EPA 
2016a). The youngest receptors were assumed for the EDs for RME because the early 
years generally are the most sensitive to exposure (0 to 26 years old for RME). 

o RME IRGW values for adults (2.5 L/day) and children (0.78 L/day) correspond to the 
EPA (20 16a) recommended tap water ingestion rates for adult and child residents. 

To account for potential mutagenic effects during early life exposure (before 16 years old), 
EPA applies an ADAF to each of the four residential age groups identified above. Thus, the 
IRGWadi equation for mutagenic compounds is modified as presented below. The resulting 
RME age-adjusted ingestion rate of groundwater for mutagens (IRGWMdi) is 2.9 mg-year/kg
day. 

IRGWM EDo 2 
ad) 

IRGW,hdd ADAF0 2 ED, 6 

BTVchzld 

IRGW,h<~J ADAF2 6 ED6 16 

BTVchzld 

o For ages 0 to 2 years old, ADAF is 10. 

o For ages 2 to 6 years old, ADAF is 3. 

o For ages 6 to 16 years old, ADAF is 3. 

o For ages 16 to 26 years old, ADAF is 1. 

IRGWad"" ADAF6 16 ED16 26 IRGWad"'' ADAF16 26 

B TV adult B TV adult 

The age-adjusted dermal contact factor for groundwater (DFGWadi) for aggregate residents is 
based on EPA (2016a) exposure inputs and the equation presented below. This parameter is 
used to estimate dermal exposures to groundwater for inorganic constituents and organic 
constituents for which ETb is less than a COPC's time to reach steady state (t*). The resulting 
RME DFGWadj is 7,459 cm2-event/kg. 
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o Total RME ED of 26 years is based on the 90th percentile for time at one residence (EPA 
2016a). For RME, the youngest receptors were assumed for the EDs because the early 
years generally are the most sensitive to exposure (0 to 26 years old for RME). 

o Child and adult SAs are EPA (2016a) default values for bathing of6,635 and 19,652 cm2
, 

respectively. 

Age-adjusted ET b for aggregate residents is based on EPA (20 16a) exposure inputs and the 
equation presented below. The resulting RME ETb value is 0.67 hr/day. 

- E~ldld =EDchild- ETadult =EDaduit ETb _ _ -=-----'= 
ED,.es EDres 

o RME adult and child ETs are EPA (2016a) recommended upper-bound bathing times of 
0.71 and 0.54 hour/day, respectively. 

o Under RME conditions, EDres is 26 years (EPA 20 16a) and is divided as ED child of 6 years 
and ED adult of 20 years. 

EPA assumes that children 0 to 2 years old are 10 times more susceptible to mutagenic effects, 
children 2 to 6 years old are 3 times more susceptible, and adolescents 6 to 16 years old also are 
3 times more susceptible (EPA 2016a). RME adjusted dermal contact factor for groundwater 
for mutagens (DFGWMadi) for the aggregate resident is based on EPA (20 16a) exposure inputs 
as described above and calculated as follows. (This parameter is used to estimate dermal 
exposures to groundwater for inorganic constituents and organic constituents for which ET is 
less than t*.) 

DFGWMadJ = EDo 2 =sAchild=lO = EDz 6 =sAchild =3- ED6 16 =sAadult=3- ED16 26 =sAadult=l 
B~ B~ B~ B~ 

The resulting RME DFGWMadi is 23,405 cm2-event/kg. 

2.3.3.2 Future Industrial/Commercial Worker Exposure Factors 

No Commercial/industrial workers are currently present at the Site, but if redeveloped in the future, the 

Site could be used for industrial or commercial purposes. Under this scenario, industrial/commercial 

workers were assumed exposed to site-related constituents in surface soil ( 0-2 feet bgs ), all soil ( 0-10 feet 

bgs), and groundwater. Hypothetical commercial/industrial workers were also assumed exposed to 

vapors in indoor air that migrate through the building sub-slab soil via diffusion and advection. The 

parameters used to estimate potential exposure are presented in Table 4.3.1.RME of Attachment 1, and 

are summarized as follows: 

RME IRS of 50 mg/kg is the EPA (2016a) default rate for an adult in anon-residential 
occupational exposure setting. 

Conservative assumption was that an industrial/commercial worker would receive all of his or 
her daily incidentally ingested soil and groundwater from the Site (FI = 1 ). 

RME soil-to-skin AF of0.02 mg/cm2 is the EPA (2016a) default value for industrial workers. 

X9025.16.0144.000 2-24 

ED_001521A_00007994-00037 



Des Moines TCE Site- Human Health Risk Assessment Addendum 

Skin SA of3,527 cm2 is the EPA (2016a) default value for industrial workers. The default SA 
assumes that a worker wears pants and a short-sleeved shirt while engaging in on-site activities, 
and is calculated as the 50th percentile surface area occupied by one-third of the head, forearms, 
and hands of the average male and female. 

RME EDs of 250 days per year is the EPA default RME (EPA 20 16a) value for 
industrial/commercial workers. 

RME ED of25 years is the EPA default (EPA 2016a) for industrial/commercial workers. 

ET for the RME scenario was assumed to be 8 hours per day, or 40 hours per week over a 
period of5 days (EPA 2016a). 

The industrial/commercial worker BW of 80 kg is the EPA (20 16a) default value for adults. 

Consistent with EPA (1989 and 2016a) guidance, averaging time for non-carcinogens (ATnc) 
equals ED and corresponds to 9,125 days for RME. Averaging time for carcinogens (ATe) 
under the RME scenario represents an average 70-year lifetime and corresponds to 25,550 days. 

Future industrial/commercial worker exposure to groundwater via ingestion was also evaluated under the 

hypothetical assumption that groundwater may be used as a source of potable water under future land use 

conditions. In addition, volatile chemicals present in groundwater may migrate through the vadose zone 

and into buildings. Therefore, potential exposure through inhalation of volatile constituents in indoor air 

was evaluated for current and/or future industrial/commercial workers where relevant. Concentrations of 

vapor in indoor air were estimated by use of EPA's VISL calculator (EPA 2016b). ED, ET, and AT 

parameters are the same as those used to estimate potential exposure to soil constituents. Groundwater

specific exposure parameters are presented in Table 4.3.2.RME of Attachment 1, and are summarized as 

follows: 

RME EF of250 days/year is the default exposure frequency for indoor workers (EPA2016a). 

RME IRGW of l.25liter is the EPA (2016a) default rate for an industrial/commercial worker. 
This value assumes that the worker ingests half of his or her daily intake ( 1.25 out of 2.5 liters) at 
work. 

2.3.3.3 Future Outdoor Worker Exposure Factors 

Assumedly, future outdoor workers would be responsible for upkeep and maintenance of the future 

recreational facility. Future on-site worker exposure scenarios include potential exposures to surface soil 

and subsurface soil. Parameters used to estimate potential exposure to chemicals in soil are presentedin 

Table 4.4.1 of Attachment 1, and are summarized as follows: 

IRS of 100 mg/day is the EPA (2002, 2016a) default value for an outdoor worker. 

AF of 0.12 mg/cm2 is the EPA (20 16a) default value for outdoor workers. 

SA for contact with soil of3,527 cm2 is the EPA (2016a) default value for outdoor workers. The 
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default SA assumes that a worker wears pants and a short-sleeved shirt while engaging in on-site 
activities, and is calculated as the 50th percentile surface area occupied by one-third of the head, 
forearms, and hands of the average male and female (EPA 20lla). 

Outdoor workers/maintenance workers are assumed involved in routine activities at the Site such 
as landscaping and repairs. These workers are assumed present on site year round, which 
corresponds to EF of225 days per year (EPA 2016a). 

ED of 25 years is the EPA (2002, 20 16a) default value for outdoor workers. 

ET for soil exposure scenarios is assumed to be 8 hours per day, 40 hours per week over a period 
of5 days. 

BW of80 kg is the EPA (2016a) default value for adults. 

Consistent with EPA (1989) guidance, ATnc equals ED and corresponds to 9,125 days. 
ATe represents an average 70-year lifetime and corresponds to 25,550 days. 

2.3.3.4 Construction/Utility Worker Exposure Factors 

On-site construction/utility worker receptor exposure scenarios include potential future exposure to 

surface soil, subsurface soil, groundwater in a trench via dermal contact, and inhalation of volatiles in a 

trench from groundwater via vapor intrusion. The parameters used to estimate potential exposure to soil 

are presented in Tables 4.5.1 and 4.5.2 of Attachment 1, and are summarized as follows: 

RME IRS of 330 mg/day is the EPA (2002) default value for a construction worker. 

Conservative assumption is that the construction worker would receive all of his or her daily 
incidentally ingested soil from the Site (FI = 1 ). 

RME AF of 0.3 mg/cm2 is the EPA (2004) default value for construction workers. 

RME SA for contact with soil of3,527 cm2 is the EPA (2016a) default value for outdoor workers. 
The default SA assumes that a worker wears pants and a short-sleeved shirt while engaging in on
site activities, and is calculated as the 5Qth percentile surface area occupied by one-third of the 
head, forearms, and hands of the average male and female. 

RME SA for contact with groundwater in a construction/utility trench of2,275 cm2 assumes 
construction workers are exposed via their hands and feet (EPA 20lla). 

Construction/utility workers are assumed involved in short-duration redevelopment projects. For 
RME, construction workers were assumed present on site for 5 days a week during the course of 
an 18-week redevelopment project, which corresponds to an RME EF of 90 days per year. 

RME ED of 1 year is the EPA (2016a) default value for construction workers. 

ET for the RME soil exposure scenario was assumed 8 hours per day, 40 hours per week over a 
period of 5 days. 
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The construction worker BW of80 kg is the EPA (2016a) default value for adults. 

Consistent with EPA (1989), ATnc equals the length of the construction project and corresponds 
to 365 days under the RME scenario. A Tc for RME scenarios represents an average 70-year 
lifetime and corresponds to 25,550 days. 

2.3.3.5 Future Recreational User Exposure Factors 

Under this assumed scenario, future recreational user exposure scenarios include potential future exposure 

to surface soil and subsurface soil assuming the Site will have undergone redevelopment to become a 

park, and site soils will have been mixed and redistributed. Also assumed was that recreationalists will 

use the on-site water body and may be exposed to surface water and sediment within this water body; 

however, these exposures are evaluated qualitatively. As discussed below, risks and hazards are 

calculated for three populations of future recreational users: child (0 to 6 years old), adolescent (6 to 

16 years old), and adult (over 16 years old). 

Child - Parameters used to estimate potential exposure to soil and sediment for the child recreationalist, 

0 to 6 years old, are presented in Tables 4.6.1 and 4.6.2 of Attachment 1, and are summarized as follows: 

RME IRS of200 mg/day is based on EPA (2016a) exposure inputs for residents 0 to 2 and 2 to 
6 years old. 

Soil AF of 0.2 mg/cm2 is the default residential value for child residents (EPA 2002a, 20 16a). 

For soil, RME SA is 2,373 cm2
, which is the soil exposure default for a residential child 

(EPA 2016a). 

For sediment, RME SA is 723 cm2
, based on surface areas of hands and feet of children (0 to 

6 years old) (EPA 20lla) 

Sediment AF of 0.3 mg/cm2 is based on a reed gatherer (EPA 2004b ). 

The child recreational user EF is assumed 134 days per year based on best professional 
judgment. Presumably, a child recreational user will visitthe Site 1 day per week for 3 months 
(18 weeks) from mid-November to mid-March (18 total days), 2 days/week for 2 months 
(9 weeks) from mid-September to mid- November and mid-March to mid-May (36 total days), 
and 5 days/week for 4 months (16 weeks) from mid-May to mid-September (80 total days)= 
134 days/year. 

The child recreationalist ED by default is 6 years (0 to 6 years old). The ED term is used only 
to calculate ATnc (ED x 365 day/year). 

EPA assumes that children 0 to 2 years old are 10 times more susceptible to potential 
mutagenic effects, and that children 2 to 6 years old are 3 times more susceptible to potential 
mutagenic effects (EPA 2016a). These assumptions result in EDMadi of32 years ([2*10] + 
[4*3]). 

ET for soil exposure scenarios was assumed 3 hours per day based on professional judgement 
The ET term is included only in the CDE equation for inhalation. 
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Consistent with EPA (1989) guidance, ATnc equals ED and corresponds to 2,190 days for 
RME. AT c under the RME scenario represents an average 70-year lifetime and corresponds to 
25,550 days. 

Child recreationalists (0 to 6 years old) could be exposed to surface water at the Site. The parameters are 

presented in Table 4.6.3 of Attachment 1. EF, ED, and AT parameters are the same as those used to 

estimate potential exposure to soil. 

Age-adjusted child trespasser surface water exposure factors are summarized as follows: 

RME ingestion rate of surface water (IRSW) of 0.0125 L/day assumes, based on best 
professional judgment, an incidental ingestion rate of0.05 L/day (about 1 ounce) (EPA 2016a) 
on one-fourth of the total days (0.05 L/day x 0.25). 

SA of 1,353 cm2 represents average surface area ofhands, feet, and lower legs of children 1 to 
6 years old (EPA 20lla). 

EPA assumes that children 0 to 2 years old are 10 times more susceptible to potential 
mutagenic effects, and that children 2 to 6 years old are 3 times more susceptible to potential 
mutagenic effects (EPA 2016a). These assumptions result in EDMadi of32 years ([2*10] + 
[4*3]). 

Based on best professional judgment, ET under the RME surface water exposure scenarios was 
assumed 3 hours per day. 

Adolescent- Values used to estimate exposure to soil and sediment under scenarios involving receptors 

6 to 16 years old are presented in Tables 4.7.1 and 4.7.2 of Attachment 1, and are summarized as follows: 

RME IRS of 100 mg/day is based on EPA (2016a) exposure inputs for adult residents. 

For soil, RME SA is 4,520 cm2
, which is the average surface area for a residential adolescent 

(age 6-16) (EPA 2011a). 

The soil AF of 0.2 mg/cm2 is the default residential value for child residents (EPA 2002a, 
2016a). 

For sediment, the RME SA is 1,505 cm2
, based on surface area of hands and feet of adolescents 

(6 to 16 years old) (EPA 2011a). 

Sediment AF of 0.3 mg/cm2 is based on a reed gatherer (EPA 2004b ). 

BW of an adolescent is 45 kg (EPA 2011a). 

RME EF of 134 days per year is based on best professional judgment Presumably, an 
adolescent recreational user will visit the Site 1 day per week for 3 months (18 weeks) from 
mid-November to mid-March (18 total days), 2 days/week for 2 months (9 weeks) from mid
September to mid- November and mid-March to mid-May (36 total days), and 5 days/week for 
4 months (16 weeks) from mid-May to mid-September (80 total days)= 134 days/year. 

The adolescent recreationalist ED by default is 10 years (6 to 16 years old). The ED term is 
only to calculate ATnc (ED x 365 days/year). 
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EPA assumes that adolescents 6 to 16 years old are three times more susceptible to potential 
mutagenic effects (EPA 20 16a). This assumption equates to EDMadi of 30 years for the 
adolescent trespasser. 

ET for RME soil exposure scenarios was assumed 3 hours per day. The ET term is only 
included in the CDE equation for inhalation. 

Consistent with EPA (1989) guidance, ATnc equals ED and corresponds to 3,650 days for 
RME. ATe under both RME scenarios represents an average 70-year lifetime and corresponds 
to 25,550 days. 

Adolescent recreationalists (6 to 16 years old) could be exposed to surface water at the Site. The 

parameters are presented in Table 4. 7.3 of Attachment 1. EF, ED, and AT parameters are the same as 

those used to estimate potential exposure to soil. Adolescent recreationalist surface water exposure 

factors are summarized as follows: 

RME IRSW of 0.0125 L/day assumes, based on best professional judgment, an incidental 
ingestion rate of0.05 L/day on one-fourth of the total days (0.05 L/day x 0.25). This is based 
on the assumption that because the small pond is shallow, it will not be used for swimming, and 
therefore exposure will be limited to wading along the shoreline. 

SA of 3,093 cm2 represents the average surface area of hands, feet, and lower legs of 
adolescents 6 to 16 years (EPA 20 lla). 

EPA assumes that adolescents 6 to 16 years old are three times more susceptible to potential 
mutagenic effects (EPA 2016a). This assumption equates to EDMadi of30 years for the 
adolescent trespasser. 

Based on best professional judgment, ET under RME surface water exposure scenarios was 
assumed 3 hours per day. 

Adult- Values used to estimate exposure to soil and sediment under scenarios involving adult 

recreationalists are presented in Tables 4.8.1 and 4.8.2 of Attachment 1, and are summarized as follows: 

IRS of 100 mg/day is the default value for an outdoor worker (EPA 2002a, 2016a), and was 
applied to the adult recreational user. 

Soil AF of 0.07 mg/cm2 is the default residential value for adult residents (EPA 2002a, 20 16a). 

SA for contact with soil by an adult is 6,032 cm2 based on EPA's (2016a) default value for 
residents. The default SA assumes that a child or adult wears short pants and short-sleeved shirts 
while engaging in recreational activities, and is calculated as the 50th percentile surface area 
occupied by one-third of the head, forearms, lower legs, and hands of the average male and 
female child or adult (EPA 2011a). 

RME SA of 2,275 cm2 for sediment exposures is based on the skin surface area of adult hands 
and feet (EPA 2011a). 
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The adult recreational user is assumed to visit the Site 1 day/week for 7 months (30 weeks) from 
mid-October to mid-May (30 total days), and 2 days/week for 5 months (22 weeks) from mid
May through mid-October (44 total days)= 74 days/year. 

ED of 20 years is the default value for an adult (EPA 20 16a). 

ET for soil exposure scenarios is assumed 3 hours per day for an adult based on professional 
judgement. 

EPA (20 16a) default BW is 80 kg for the adult. 

Consistent with EPA (1989) guidance, ATnc equals ED and corresponds to 9,490 days for the 
adult. ATe represents an average 70-year lifetime and corresponds to 25,550 days. 

Adult recreationalists could be exposed to surface water at the Site. Exposure parameters are presented in 

Table 4.8.3 of Attachment 1. EF, ED, and AT parameters are the same as those used to estimate potential 

exposure to soil. Adult recreationalist surface water exposure factors are summarizedas follows: 

RME IRSW of0.0125 L/day is based on best professional judgment, and assumes an incidental 
ingestion rate of0.05 L/day on one-fourth of total days (0.05 L/day x 0.25) under RME 
conditions. 

RME SA of 4,835 cm2 represents the average surface area of hands, feet, and lower legs of 
adults (EPA 20lla). 

Based on best professional judgment, ET under RME surface water exposure scenarios was 
assumed 3 hours per day. 

2.3.3.6 Current and Future Trespasser Exposure Factors 

Evidence of trespassers has been observed at the Site. Therefore, current trespassers could be exposed to 

site-related constituents in on-site surface soil, and in sediment and surface water from the pond. Current 

conditions are also considered representative of future exposure conditions for the trespasser. As 

discussed below, two groups of current and future trespassers were evaluated for the Site: adolescents 

(6 to 16 years old) and adults (older than 16 years old). 

Adolescent Trespasser Exposure Factors 

For scenarios involving receptors 6 to 16 years old, age-adjusted values are used to estimate exposure. 

Adolescent trespasser soil and sediment exposure factors are presented in Tables 4.9.1 and 4.9.2 of 

Attachment 1, and are summarized as follows: 

RME IRS of 100 mg/day is based on EPA (2016a) exposure inputs for adult residents. 

For soil, RME SA is 4,520 cm2
, which is the average surface area for a residential adolescent (age 

6-16) (EPA 2011a). 
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Soil AF of 0.07 mg/cm2 is the default residential value for adult residents (EPA 2002a, 20 16a). 

For sediment, RME SA is 1,505 cm2
, based on surface area of hands and feet for adolescents (6 to 

16 years old) (EPA 2011a). 

Sediment AF of 0.3 mg/cm2 is based on a reed gatherer (EPA 2004b ). 

BW for an adolescent is 45 kg (EPA 20lla). 

RME EF of 65 days per year is based on best professional judgment and assumes an adolescent 
trespasser will visit the Site 2 days per week during the summer ( 13 weeks) and 1 day per week 
during the remainder of the year (39 weeks). 

Adolescent trespasser ED is by default 10 years (6 to 16 years old). 

EPA assumes that adolescents 6 to 16 years old are three times more smceptible to potential 
mutagenic effects (EPA 2016a). This assumption equates to EDMadi of30 years for the 
adolescent trespasser. 

ET for RME soil exposure scenarios was assumed 2 hours per day based on professional 
judgement. The ET term is included only in the chronic daily exposure equation for inhalation. 

Consistent with EPA (1989) guidance, ATnc equals ED and corresponds to 3,650 days for the 
RME case. A Tc for the RME scenario represents an average 70-year lifetime and corresponds to 
25,550 days. 

Adolescent trespasser (6 to 16 years old) could be exposed to surface water at the Site. The parameters 

are presented in Table 4.9.3 of Attachment 1. EF, ED, and AT parameters are the same as those used to 

estimate potential exposure to soil. The age-adjusted adolescent recreationalist surface water exposure 

factors are summarized as follows: 

RME IRSW of0.0125 L/day assumes, based on best professional judgment, an incidental 
ingestion rate of0.05 L/day on one-fourth of the total days (0.05 L/day x 0.25). This is based 
on the assumption that because the small pond is shallow, it will not be used for swimming, and 
therefore exposure will be limited to wading along the shoreline. 

SA of 3,093 cm2 represents average surface area of hands, feet, and lower legs of adolescents 
6 to 16 years (EPA 2011a). 

EPA assumes that adolescents 6 to 16 years old are three times more susceptible to potential 
mutagenic effects (EPA 2016a). This assumption equates to an adjusted EDMadi of30 years for 
the adolescent trespasser. 

Based on best professional judgment, ET for RME surface water exposure scenarios was 
assumed 2 hours per day. 
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Adult Trespasser Exposure Factors 

Adult trespasser soil and sediment exposure factors are presented in Tables 4.10.1, and 4.10.2 of 

Attachment 1, and are summarized as follows: 

IRS of 100 mg/day was selected for the adult trespasser. This is the EPA default rate for an adult 
in an outdoor occupational exposure setting (EPA 2016a), and was deemed representative of 
potential ingestion for the adult trespasser. 

AF of0.07 mg/cm2 is the EPA (2016a) default value for adult residents. 

SA of6,032 cm2 is the EPA (2016a) default value for adult residents. 

EF of 144 days per year is based on best professional judgment regarding the transient 
population, and assumes an adult trespasser will visit the Site 4 days per week during May 
through September (20 weeks) and 2 days per week during October through April (32 weeks). 

ED of 20 years is the EPA default RME value (EPA 20 16a) for residents; although the adult 
trespasser is transient, he/she is assumed present long-term in the area. 

ET for soil exposure scenarios was assumed 6 hours per day based on professional judgement. 
The ET term is included only in the CDE equation for inhalation. 

RME BW of 80 kg is the EPA (20 16a) default adult body weight. 

Consistent with EPA (1989) guidance, ATnc equals ED and corresponds to 9,490 days for RME. 
ATe for the RME scenario represents an average 70-year lifetime and corresponds to 25,550 days. 

Adult trespassers could be exposed to sediment and surface water from the pond The parameters are 

presented in Table 4.10.3 of Attachment 1. EF, ED and AT parameters are the same as those used to 

estimate potential exposure to soil. 

RME sediment ingestion rates (IRSED) are the same as the RME IRS values described above for 
soil. 

RME SA of2,275 cm2 is based on the average SA ofhands and feet of adult males and females 
(EPA 20 lla). 

RME sediment-to-skin adherence factor (AFSED) of 0.3 mg/cm2 is the EPA (20 lla) value for 
reed gatherers. 

Adult trespasser surface water exposure factors are as follows: 

RME IRSW of0.0125 L/day is based on best professional judgment and assumes an incidental 
ingestion rate of0.05 L/day on one-fourth of total days (0.05 L/day x 0.25). 

RME SA of 4,835 cm2 represents average surface area of hands, feet, and lower legs of adults 
(EPA 20 lla). 
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2.4 TOXICITY ASSESSMENT 

The toxicity assessment describes the relationship between a dose of a chemical and the potential 

likelihood of an adverse health effect. The purpose of the toxicity assessment is to quantitativdy estimate 

inherent toxicity of COPCs for use in risk characterization. In the context of the regulatory risk 

assessment process, potential effects of chemicals are separated into two categories: carcinogenic 

(cancer) and non-carcinogenic (non-cancer) effects. This division relates to current EPA policy that 

mechanisms of action for these endpoints differ. EPA generally assumes conservatively that carcinogenic 

chemicals do not exhibit a response threshold1 (EPA 1986, 2005b), while non-carcinogenic effects are 

universally recognized as threshold phenomena. However, chemicals believed to be carcinogenic may 

also be capable of producing non-cancer health effects. Potential health risks from COPCs are evaluated 

for both carcinogenic and non-carcinogenic risks. 

The risk assessment used the default toxicity values presented in the EPA RSL tables(EPA 2016a). The 

default values were obtained from the following sources in the order in which they are presented below: 

Integrated Risk Information System (IRIS) on-line database (EPA 2016c) 

Provisional Peer Reviewed Toxicity Values (PPRTV) derived by EPA's Superfund Health Risk 
Technical Support Center for the EPA Superfund Program (EPA 20 16d) 

Agency for Toxic Substances and Disease Registry (ATSDR) minimal risk levels (MRL) 
(ATSDR 2016) 

The California Environmental Protection Agency (CalEPA) /Office of Environmental Health 
Hazard Assessment's toxicity values (CalEPA 20 16) 

Screening toxicity values in appendices to certain PPRTV assessments (EPA 20 16d) 

EPA Superfund Program's Health Effects Assessment Summary Tables (HEAST) (EPA 2011 b). 

Toxicity values used in the HHRA are listed in Tables 5.1 and 5.2 (non-cancer toxicity values) and 

Tables 6.1 and 6.2 (cancer toxicity values) of Attachment 1. 

1 A threshold indicates that a minimmn amount of drug or chemical agent is required to elicit an effect. For 
example, certain metals such as iron and selenium are toxic above a threshold dose but safe and, in fact, required 
dietary components at lower doses. For carcinogens, EPA assumes that no threshold exists and risk increases at 
every dose level. 
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2.4.1 Non-carcinogenic Chemicals 

It is well accepted that non-carcinogenic biological effects of chemicals occur only after exceedance of a 

threshold dose (Klaassen 2001). This concept implies that a range of exposures up to some defined 

threshold can be tolerated without appreciable risk of harm. Potential effects may be precluded at 

concentrations below the threshold by pharmacokinetic processes such as decreased absorption, 

distribution to non-target organs, metabolism to less toxic chemical forms, and excretion (EPA 2005b ). 

Once the threshold dose is reached, one or more of these processes may become compromised, resulting 

in toxic responses. 

Potential non-carcinogenic effects resulting from human exposure to chemicals are generally estimated 

quantitatively using reference doses (RID) and reference concentrations (RfC). RID, expressed in units of 

daily dose (mg/kg-day), is an estimate of the daily maximum level of exposure to human populations 

(including sensitive sub-populations) likely to pose no appreciable risk of deleterious effects (EPA 1989). 

For inhalation exposures, EPA has derived RfCs for some chemicals. In concept, an inhalation RfC is 

similar to an RID. If concentration of a chemical in air to which a human is exposed is lower than the 

RfC, no appreciable risk for non-cancer health effects results from that exposure. 

The threshold dose (i.e., RID/RfC) for a compound is usually estimated from the no observed adverse 

effect level (NOAEL) or the lowest observed adverse effect level (LOAEL), as determined from animal 

studies or human data. NOAEL is the highest dose at which no adverse effects are identified, while 

LOAEL is the lowest dose at which adverse effects are detectable. Safety factors are applied to either 

NOAEL or LOAEL to estimate an RID/RfC in order to account for uncertainties such as extrapolation 

from animals to humans, time period of exposure, and potential for sensitive individuals within the human 

population. 

Non-carcinogenic toxicity criteria are typically available only for oral (RID) and inhalation (RfC) 

exposures. In this risk assessment, dermal RIDs were extrapolated from oral RIDs by use of a 

constituent-specific gastrointestinal absorption factor (Glabs- unitless). This factor represents the 

relationship between an administered dose and an absorbed dose for the oral route, essentially estimating 

the dose that enters a receptor's circulation and elicits a toxic effect. Constituent-specific oral absorption 

factors were obtained from RAGS, PartE, Supplemental Guidance for Dermal Risk Assessment 

(EPA 2004b). 
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Tables 5.1 and 5.2 of Attachment 1 present the oral/dermal RIDs and inhalation RfCs, respectively. 

These tables also include toxicity value sources and uncertainty/modifying factors, Giabs values, and target 

organs. 

2.4.2 Carcinogenic Chemicals 

For regulatory purposes, EPA generally assumes conservatively that carcinogenic chemicals do not 

exhibit a response threshold (EPA 1986). However, recent scientific evidence clearly indicates that this 

assumption is an oversimplification of carcinogenic responses. A growing number of chemicals have 

been shown to elicit carcinogenic effects in experimental animals via mechanisms either not relevant to 

human biological processes or not expected to occur in humans at significantly lower, environmentally 

relevant doses (James and Saranko 2000). EPA has revised the Guidelines for Carcinogen Risk 

Assessment (2005b ), in which EPA recognizes these issues and provides alternative approaches for 

addressing them within the regulatory framework for cancer risk assessment. 

Potential carcinogenic effects resulting from human exposure to chemicals are estimated quantitatively 

using cancer slope factors (SF), which represent theoretical increased risk per milligram of constituent 

intake per kilogram body weight per day (mg/kg-day)-1
, or unit risk factors (URF), which are the 

theoretical increased risk at a defined exposure concentration (mg/tn')"1
. SFs or URFs are used to 

estimate a theoretical upper-bound lifetime probability of an individual developing cancer as a result of 

exposure to a potential carcinogen. 

SFs/URFs are derived by EPA from results of chronic animal bioassays, human epidemiological studies, 

or both. Animal bioassays are usually conducted at dose levels much higher than those likely to occur by 

human exposure to environmental media. Such high levels are used to detect possible adverse effects in 

the relatively small test populations used in the studies. Therefore, a large degree of conservatismis 

associated with high-dose to low-dose extrapolation. Human epidemiological studies often are based on 

historical occupational exposures at levels much higher than those currently experienced in environmental 

settings, requiring quantitative extrapolation to account for the dose differences. 

EPA has developed SFs specific to the oral route of exposure and URFs specific to the inhalation route of 

exposure. In accordance with EPA guidance (EPA 2004b ), this risk assessment uses an extrapolation 

calculation to estimate dermal SFs from the oral SFs. The oral SF is multiplied by the Giabs dermal SF. 

Constituent-specific oral absorption factors were obtained from RAGS PartE, Supplemental Guidance for 

Dermal Risk Assessment (EPA 2004b ). 

X9025.16.0144.000 2-35 

ED _00 1521 A_00007994-00048 



Des Moines TCE Site- Human Health Risk Assessment Addendum 

Tables 6.1 and 6.2 of Attachment 1 present oral/dermal SFs and inhalation URFs, respectively. These 

tables also include toxicity value sources, Giabs values, and the carcinogenic class. 

2.5 RISK CHARACTERIZATION 

In the risk characterization, toxicity factors (RfDs/RfCs and SFs/URFs) were integrated with COPC 

concentrations and intake assumptions to estimate potential carcinogenic and non-carcinogenic health 

risks. This section describes the risk calculation methodology and presents numerical risk estimates for 

potential exposure to COPCs detected in environmental media for potentially complete exposure 

pathways at the Site. 

2.5.1 Risk Calculation Methodology 

This section discusses the methodology for calculating estimates of potential cancer risks and non-cancer 

hazards. 

2.5.1.1 Calculation of Potential Cancer Risks 

Theoretical excess cancer risks for receptors are expressed as an estimated upper-bound probability of 

additional lifetime cancer risk due to exposure to site-related constituents. These estimates do not reflect 

a receptor's background risk of cancer (e.g., one-in-three to one-in-five range), but only the highest 

additional incremental risk theoretically expected to result from exposure to site constituents. Theoretical 

excess lifetime cancer risk (ELCR) was calculated for each carcinogenic COPC, for each complete 

exposure pathway, using the following general equations: 

where: 

ELCR 

CDI 

CDE 

SF 

URF 

ELCR CD! SF or ELCR CDE URF 

Theoretical excess lifetime cancer risk (unitless) 

Chronic daily intake (mg/kg-day) 

Chronic daily exposure (11g/m3
) 

Cancer slope factor (1/mg/kg-day) 

Inhalation unit risk factor (11g/m3
) 

Chemical-specific ELCRs were summed for each receptor-exposure scenario to provide media-specific 

risks. Cumulative risks to each receptor were also calculated by summing ELCRs across all reevant 

X9025.16.0144.000 2-36 

ED _00 1521 A_00007994-00049 



Des Moines TCE Site- Human Health Risk Assessment Addendum 

exposure pathways for a given receptor. This form of summarization incorporates the assumption that 

carcinogenic risks from multiple constituent exposures are additive. These assumptions ensure that 

ELCRs for each COPC, pathway, and receptor are theoretical upper-bound estimates. 

The EPA acceptable cancer risk range of 1 in 1 million to 1 in 10,000 ( 1 x 106 to 1 x 1 0-4) (EPA 1990) was 

used as the benchmark for identifying potentially unacceptable risks. Individual constituents with a 

cancer risk greater than 1 x 1 o·6 for a given receptor-exposure scenario were identified as COCs. Those 

COCs and the corresponding receptor-exposure scenarios will be addressed in the feasibility study (FS). 

2.5.1.2 Calculation of Potential Non-Cancer Risks 

Potential non-cancer risks for individual COPCs are expressed as HQs (EPA 1989). HQs were calculated 

for each non-carcinogenic COPC, for each complete exposure pathway, by use of the following general 

equations: 

where: 

HQ 

CDI 

CDE 

RID 

RfC 

HQ =:J CD! 
RJD 

or 

Hazard quotient (unitless) 

Chronic daily intake (mg/kg-day) 

Chronic daily exposure (mg/m3
) 

HQ =:J CDE 
RfC 

Reference dose (hazard per mg/kg body weight-day) 

Inhalation reference concentration (mg/m3
) 

The chemical-specific HQs were summed to yield a multiple-chemical HI. The HI serves as a 

conservative summary of pathway and receptor non-cancer risks, because summing all individual COPC 

HQs incorporates the assumption that their risks are all additive despite expectation that different COPCs 

act through different mechanisms and on different target organs. Overall His are useful for rapidly 

excluding pathways or receptors with negligible potential for non-cancer effects (i.e., where all the COPC 

HQs added together do not exceed an HI of 1). EPA guidance recognizes that non-carcinogenic effects 

are exhibited in specific target organs and that certain chemicals can act additivdy on the same organ. 

EPA requires summing non-carcinogenic hazards for constituents that affect the same target organs when 

HI exceeds 1 (EPA 1989). Primary target organs identified in the studies used to derive RIDs (or RfCs) 

for the COPCs are presented in Tables 5.1 and 5.2 of Attachment 1. 
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The EPA acceptable HI of 1 for groups of constituents that affect the same target organ was used as the 

benchmark for identifying potentially unacceptable risks. Individual constituents that contributed greater 

than a 0.1 HQ to a target organ-specific HQ greater than 1 under a given receptor-exposure scenario were 

identified as COCs. 

2.5.2 Risk Characterization Results 

COCs are those COPCs with either an individual ELCR greater than 1.0x 1(J6 or individual non-cancer 

HQ greater than l.O that contributes to a target organ HI greater than l.O. COCs are retained for further 

evaluation in the FS. The 7 Series tables list EPCs, CDis/CDEs, toxicity values, and calculated cancer 

risks and non-cancer hazards; these risks are summarized in the subsequent 9 Series tables. The 7 and 

9 Series tables are presented in Attachment l. 

The on-site area includes those portions of the Site within the formal boundaries of operations, including 

the pond. Potential receptors evaluated in the HHRA include current and future adolescent and adult 

trespassers, future construction/utility workers, future outdoor workers, future recreationalists, and future 

residents. Attachment 1 Tables 7.1 through 7.9list EPCs, intakes, toxicity values, and calculated cancer 

risks and non-cancer hazards for potential receptors at the on-site area. The risks and hazards are 

summarized in Attachment 1 Tables 9.1 through 9.9, and are described below for each receptor. 

Table 2-1 summarizes risks to each receptor by pathway and media COCs are identified where 

appropriate in Attachment 1 Tables 10.1 through 10.9. 

2.5.2.1 Future Residents 

Future residents were assumed exposed to surface soil (0 to 2 feet bgs) and surface and subsurface soil 

(0 to 10 feet bgs) (via incidental ingestion, dermal contact, and inhalation of particulates), and 

groundwater (via ingestion and dermal contact). EPCs, intakes, toxicity values, and resultant cancer risks 

and non-cancer hazards for future residents at the Site are presented in Table 7.l.RME; calculated risks 

and hazards are summarized in Table 9.l.RME, and are described below. COCs are presented in 

Table 10.l.RME. 

Cumulative RME cancer risk across surface soil (0 to 2 reet bgs) and groundwater is 9E-04, and 
across all soil (0 to 10 feet bgs) and groundwater is 9E-04. These cumulative risks exceed EPA's 
acceptable risk range of 1E-06 to 1E-04. Calculated cancer risks from each medium (surface soil, 
subsurface soil, and groundwater) and individual medium-specific risks exceeding 1E-06 are as 
follows: 

o Calculated surface soil cancer risk is l.2E-05. Individual surface soil COPCs with cancer 
risks greater than or equal to 1E-06 are 2,3,7,8-TCDD TEQ (cumulative cancer risk of 
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4.1E-06), p,p' -DDT (cumulative cancer risk of l.2E-06), chloroform (cumulative cancer 
risk of2.4E-06), and TCE (cumulative cancer risk of 4.7E-06). 

o Calculated all soil cancer risk is 9.0E-06. Individual all soil COPCs with cancer risks 
greater than or equal to lE-06 are 2,3, 7,8-TCDD TEQ (cumulative cancer risk of 4.1E-
06), chloroform (cumulative cancer risk of2.4E-06), and TCE (cumulative cancer risk 
of 2.3E-06). 

o Calculated groundwater cancer risk is 8.7E-04. Individual current groundwater COPCs 
with cancer risks greater than or equal to lE-06 are 1,2-dichloroethane (cumulative 
cancer risk of3.6E-06), TCE (cumulative cancer risk of6.8E-04), and vinyl chloride 
(cumulative cancer risk of2.0E-04). 

Cumulative RME HI across surface soil (0 to 2 reet bgs) and groundwater is 56, and across all 
soil (0 to 10 feet bgs) and groundwater is 55. Calculated His for each medium (surface soil, all 
soil, and groundwater) and individual medium-specific COPCs with His exceeding l are as 
follows: 

o Surface soils: HI= 2- Individual soil COPC with His exceeding lis TCE (cumulative 
HI of l.l). 

o All soils: HI = l -This HI is not greater than l so it is considered insignificant. 

o Groundwater: HI = 54- Individual groundwater COPC with His exceeding l is TCE 
(cumulative HI of 54). 

Based on the RME risk characterization, COCs for future residents are as follows: 

Surface soil- 2,3, 7,8-TCDD TEQ, p,p' -DDT, chloroform, and TCE. 

All soil- 2,3,7,8-TCDD TEQ, chloroform, and TCE. 

Groundwater- 1,2-dichloroethane, TCE, and vinyl chloride. 

2.5.2.2 Future Industrial/Commercial Workers 

Future industrial/commercial workers were assumed exposed to surface and all soil via incidental 

ingestion, dermal contact, and inhalation of particulates, and to groundwater via ingestion and inhalation 

(domestic use and vapor intrusion). EPCs, intakes, toxicity values, and resultant can;er risks and 

noncancer hazards for future industrial/commercial workers atthe Site are presented in Table 7.2.RME; 

calculated risks and hazards are summarized in Table 9.2.RME, and are described below; COCs are 

presented in Table l0.2.RME. 

Cumulative RME cancer risk across surface soil (0 to 2 feet bgs) and groundwater is lE-04, and 
across all soil ( 0 to l 0 feet bgs) and groundwater is l E-04. These cumulative risks exceed EPA's 
acceptable risk range of lE-06 to lE-04. Calculated cancer risks from each medium (surface soil, 
subsurface soil, and groundwater) and individual medium-specific risks exceeding lE-06 are as 
follows: 
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o Calculated surface soil cancer risk is 1.9E-06. No individual surface soil COPCs had a 
cancer risk greater than or equal to lE-06. 

o Calculated all soil cancer risk is 1.4E-06. No individual surface soil COPCs had a cancer 
risk greater than or equal to lE-06. 

o Calculated groundwater cancer risk is 1.3E-04. Individual current groundwater COPCs 
with cancer risks greater than or equal to lE-06 are TCE (cumulative cancer risk of 
1.2E-04) and vinyl chloride (cumulative cancer risk of l.lE-05). 

Cumulative RME HI across surface soil (0 to 2 reet bgs) and groundwater is 22, and across all 
soil (0 to 10 feet bgs) and groundwater is 22. Calculated His for each medium (surface soil, all 
soil, and groundwater) and individual medium-specific individual COPCs with His exceeding 
1 are as follows: 

o Surface soils: HI= 0.02- This HI is not greater than 1 so it is considered insignificant 

o All soils: HI= 0.1 -This HI is not greater than 1 so it is considered insignificant. 

o Groundwater: HI = 22- Individual groundwater COPC with His exceeding 1 is TCE 
(cumulative HI of22). 

Based on the RME risk characterization, COCs for future industrial/commercial workers are as follows: 

Surface soil- none. 

All soil- none. 

Groundwater - TCE. 

2.5.2.3 Outdoor Worker 

Future outside workers were assumed exposed to surface and all soil via incidental ingestion, dermal 

contact, and inhalation of particulates. EPCs, intakes, toxicity values, and resultant cancer risks and 

noncancer hazards for future outdoor workers at the Site are presented in Table 7.3.RME; calculated risks 

and hazards are summarized in Table 9.3.RME, and are described as follows: 

Cumulative RME cancer risk across surface soil (0 to 2 feet bgs) is 2E-06, and across all soil (0 to 
10 feet bgs) is 2E-06. These cumulative risks are within EPA's acceptable risk range of lE-06 to 
lE-04. Calculated cancer risks from each medium (surface soil and all soil) and individual 
medium-specific risks exceeding lE-06 are presented below. 

o Calculated surface soil cancer risk is 2.2E-06. No individual surface soil COPC had a 
cancer risk greater than or equal to lE-06. 

o Calculated all soil cancer risk is 1.7E-06. No individual surface soil COPC had a cancer 
risk greater than or equal to lE-06. 

Cumulative RME HI across surface soil (0 to 2 feet bgs) is 0.2, and across all soil (0 to 10 feet 
bgs) is 0.1. This result is less than 1, and considered insignificant. 

Based on the RME risk characterization, there are no COCs for future outdoor workers. 
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2.5.2.4 Construction/Utility Worker 

Future construction/utility workers were assumed exposed to all soil (0 to 10 feet bgs) (via incidental 

ingestion, dermal contact, and inhalation of particulates), and groundwater in a trench (via inhalation of 

vapors and dermal contact). EPCs, intakes, toxicity values, and resultant cancer risks and non-cancer 

hazards for future construction workers at the on-site area are presented in Table 7.4.RME; calculated 

risks and hazards are summarized in Table 9.4.RME, COCs are presented in Table 10.4.RME and are 

described as follows: 

Cumulative RME cancer risk across all soil (0 to 10 feet bgs) and groundwater trench water is 
lE-05; this risk is within than EPA's acceptable risk range of lE-06 to lE-04. Calculated cancer 
risks from each medium (surface soil and all soil) and individual medium-specific risks exceeding 
lE-06 are presented as follows: 

o Calculated all soil cancer risk is 8.3E-08 and this is considered insignificant. 

o Calculated groundwater cancer risk is 1.2E-05. Individual current groundwater COPC 
with cancer risks greater than or equal to lE-06 is TCE (cumulative cancer risk of 
1.2E-05). 

Cumulative RME HI across all soil (0 to 10 feet bgs) and groundwater in a trench is 100. TCE in 
trench water is the risk driver with an HI equal to 100 for all exposure pathways to groundwater 
in a construction trench. 

Based on the RME risk characterization, TCE in groundwater water is a COC for future construction 

workers at Des Moines TCE. 

2.5.2.5 Future Recreational Users 

Child- Future child recreational users were assumed exposed to all soil (0 to 10 feet bgs) (via incidental 

ingestion, dermal contact, and inhalation of particulates and vapors), surface water and sediment in the 

on-site pond (via ingestion and dermal contact). EPCs, intakes, toxicity values, and resultant cancer risks 

and non-cancer hazards for future residents at the Site are presented in Table 7.5.RME; calculated risks 

and hazards are summarized in Table 9.5.RME, and are described below. COCs are presented in 

Table 10.5.RME. 

Cumulative RME cancer risk across all soil (0 to 10 feet bgs), surface water, and sediment is 
2E-04. This cumulative risk exceeds EPA's acceptable risk range of lE-06 to lE-04. Calculated 
cancer risks from each medium (all soil, sediment and surface water) exceeding lE-06 are 
presented as follows: 

o Calculated all soil cancer risk is 1.6E-06- Individual all soil COPC with cancer risks 
greater than or equal to lE-06 is 2,3,7,8-TCDD TEQ (cumulative cancer risk of 
l.lE-06). 
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o Calculated surface water cancer risk is 6.0E-06- Individual surface water COPC with 
cancer risks greater than or equal to lE-06 is dieldrin (cumulative cancer risk of 
5.7E-06). 

o Calculated sediment cancer risk is l.lE-04- Individual sediment COPCs with cancer 
risks greater than or equal to lE-06 are aldrin (cumulative cancer risk of 6.5E-05) and 
dieldrin (cumulative cancer risk of 4.5E-05). 

Cumulative RME HI across all soil (0 to 10 feet bgs), surface water, and sediment is 2. Calculated 
His for each medium (all soil, surface water, and sediment) and individual medium-specific 
individual COPCs with His exceeding 1 are as follows: 

o All soils: HI = 0.19 and is considered insignificant. 

o Surface water: HI= 0.11 and is considered insignificant. 

o Sediment: HI = 2.2- Individual sediment COPC with His exceeding 1 is aldrin 
(cumulative HI of 1.5). 

Based on the RME risk characterization, COCs for a future child recreationalist are as follows: 

All soil- 2,3,7,8-TCDD TEQ. 

Surface water- dieldrin. 

Sediment - aldrin and dieldrin. 

Adolescent- Future adolescent recreational users were assumed exposed to all soil (0 to 10 feet bgs) (via 

incidental ingestion, dermal contact, and inhalation of particulates and vapors), surface water and 

sediment in the on-site pond (via ingestion and dermal contact). EPCs, intakes, toxicity values, and 

resultant cancer risks and non-cancer hazards for future residents at the Site are presented in Table 

7.6.RME; calculated risks and hazards are summarized in Table 9.6.RME, and are described below. 

COCs are presented in Table 10.6.RME. 

Cumulative RME cancer risk across all soil (0 to 10 feet bgs), surface water, and sediment is 
4E-05. This cumulative risk is within EPA's acceptable risk range of lE-06 to lE-04. Calculated 
cancer risks from each medium (all soil, sedimen~ and surface water) exceeding lE-06 are as 
follows: 

o Calculated all soil cancer risk is 5.1E-07- this is considered insignificant. 

o Calculated surface water cancer risk is 7.6E-06- Individual surface water COPC with 
cancer risks greater than or equal to lE-06 is dieldrin (cumulative cancer risk of 
7.1E-06). 

o Calculated sediment cancer risk is 3.5E-05- Individual sediment COPCs with cancer 
risks greater than or equal to lE-06 are aldrin (cumulative cancer risk of 1.8E-05) and 
dieldrin (cumulative cancer risk of 1.6E-05) 
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Cumulative RME HI across all soil (0 to 10 feet bgs), surface water, and sediment is 0.5. This is 
considered insignificant. 

Based on the RME risk characterization, COCs for a future adolescent recreationalist are as follows: 

All soil- none. 

Surface water- dieldrin. 

Sediment - aldrin and dieldrin. 

Adult- Future adult recreational users were assumed exposed to all soil (0 to 10 feet bgs) (via incidental 

ingestion, dermal contact, and inhalation of particulates), surface water and sediment in the on-site pond 

(via ingestion and dermal contact). EPCs, intakes, toxicity values, and resultart cancer risks and non

cancer hazards for future residents at Des Moines TCE are presented in Table 7.7.RME; calculated risks 

and hazards are summarized in Table 9.7.RME, and are described below. COCs are presented in 

Table 10.7.RME. 

Cumulative RME cancer risk across all soil (0 to 10 feet bgs), surface water, and sediment is 
3E-05. This cumulative risk is within EPA's acceptable risk range of lE-06 to lE-04. Calculated 
cancer risks from each medium (all soil, sedimen~ and surface water) exceeding lE-06 are as 
follows: 

o Calculated all soil cancer risk is 2.5E-07 -this is considered insignificant. 

o Calculated surface water cancer risk is 7.3E-06- Individual surface water COPC with 
cancer risks greater than or equal to lE-06 is dieldrin (cumulative cancer risk of 
6.9E-06). 

o Calculated sediment cancer risk is 2.3E-05 -Individual sediment COPCs with cancer 
risks greater than or equal to lE-06 are aldrin (cumulative cancer risk of l.lE-05) and 
dieldrin (cumulative cancer risk of l.2E-05) 

Cumulative RME HI across all soil (0 to 10 feet bgs), surface water, and sediment is 0.2. This is 
considered insignificant. 

Based on the RME risk characterization, COCs for a future adult recreationalist are as follows: 

All soil- none. 

Surface water- dieldrin. 

Sediment - aldrin and dieldrin. 
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2.5.2.6 Current and Future Trespasser 

Adolescent Trespasser- Current adolescent trespassers were assumed exposed to surface soil (0 to 2 feet 

bgs) (via incidental ingestion, dermal contact, and inhalation of particulates and vapors), and sediment 

and surface water in the on-site pond (via incidental ingestion and dermal contact); future adolescent 

trespassers were assumed exposed to all soil (0 to 10 feet bgs) (via incidental ingestion, dermal contact, 

and inhalation of particulates and vapors), and surface water and sediment in the on-site pond (via 

incidental ingestion and dermal contact). EPCs, intakes, toxicity values, and resultant cancer risks and 

non-cancer hazards for current and future adolescent trespassers at the on-site area are presented in Table 

7.8.RME; calculated risks and hazards are summarized in Table 9.8.RME, and are described below. 

COCs are presented in Table 10.8.RME. 

Cumulative current RME cancer risk across surface soil, pond surface water, and pond sediment 
is 2E-05, and future RME cancer risk across all soil, pond surface water, and pond sediment is 
2E-05; these risks are within EPA's acceptable risk range of lE-06 to lE-04. Calculated cancer 
risks from each medium (surface soil, all soil, sediment, and surface water) exceeding lE-06 are 
presented below. 

o Calculated surface soil cancer risk is 2. 7E-07 - this is considered insignificant. 

o Calculated all soil cancer risk is 2.0E-07- this is considered insignificant. 

o Calculated surface water cancer risk is 3. 7E-06 - Individual surface water COPC with 
cancer risks greater than or equal to lE-06 is dieldrin (cumulative cancer risk of 
3.5E-06). 

o Calculated sediment cancer risk is 1.6E-05 - Individual sediment COPCs with cancer 
risks greater than or equal to lE-06 are aldrin (cumulative cancer risk of 8. 7E-06) and 
dieldrin (cumulative cancer risk of 7 .2E-06). 

Cumulative RME HI across surface soil (0 to 10 feet bgs), surface water, and sediment is 0.4, and 
all soil (0 to 10 feet bgs), surface water, and sediment is 0.4. These are considered insignificant. 

Based on the RME risk characterization, COCs for current or future adolescent trespassers at the Site are 

as follows: 

Surface soil- none. 

All soil- none. 

Surface water - dieldrin 

Sediment - aldrin and dieldrin. 

Adult Trespasser- Current adult trespassers were assumed exposed to surface soil (0 to 2feet bgs) (via 

incidental ingestion, dermal contact, and inhalation of particulates and vapors), and sediment and surface 

X9025.16.0144.000 2-44 

ED_001521A_00007994-00057 



Des Moines TCE Site- Human Health Risk Assessment Addendum 

water in the on-site pond (via incidental ingestion and dermal contact); future adult trespassers were 

assumed exposed to all soil (0 to 10 feet bgs) (via incidental ingestion, dermal contact, and inhalation of 

particulates and vapors), and surface water and sediment in the on-site pond (via incidental ingestion and 

dermal contact). EPCs, intakes, toxicity values, and resultant cancer risks and non-cancer hazards for 

current and future adolescent trespassers at the on-site area are presented in Table 7.9.RME; calculated 

risks and hazards are summarized in Table 9.9.RME, and are described below. COCs are presented in 

Table 10.9.RME. 

Cumulative RME cancer risk across surface soil, pond surface water, and pond sediment is 
5E-05, and across all soil, pond surface water, and pond sediment is 5E-05; these risks are within 
EPA's acceptable risk range of lE-06 to lE-04. Calculated cancer risks from each medium 
(surface soil, all soil, sediment, and surface water) exceeding lE-06 are as follows: 

o Calculated surface soil cancer risk is 7.3E-07- this is considered insignificant. 

o Calculated all soil cancer risk is 5.6E-07- this is considered insignificant. 

o Calculated surface water cancer risk is 1.4E-05 -Individual surface water COPC with 
cancer risks greater than or equal to lE-06 is dieldrin (cumulative cancer risk of 
1.3E-05). 

o Calculated sediment cancer risk is 3.8E-05- Individual sediment COPCs with cancer 
risks greater than or equal to lE-06 are aldrin (cumulative cancer risk of 2.2E-05) and 
dieldrin (cumulative cancer risk of 1.6E-05). 

Cumulative RME HI across surface soil (0 to 2 feet bgs), surface water, and sediment is 0.9, and 
all soil (0 to 10 feet bgs), surface water, and sediment is 0.8. These are considered insignificant. 

Based on the RME risk characterization, COCs for current or future adult trespassers at the Site are as 

follows: 

Surface soil- none. 

All soil- none. 

Surface water - dieldrin 

Sediment - aldrin and dieldrin. 

2.6 HHRA UNCERTAINTY ASSESSMENT 

Uncertainties are inherent in the process of quantitative risk assessment due to use of environmental 

sampling results, assumptions regarding exposure, and quantitative representation of chemical toxicity. 

Analyses of critical areas of uncertainty in risk assessment provire a better understanding of quantitative 

results by identifying uncertainties that most significantly affect results. 
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EPA guidance stresses the importance of providing an in-depth analysis of uncertainties so that risk 

managers are better informed when evaluating risk assessment conclusions (EPA 1989). Potentially 

significant sources of uncertainty for this assessment are discussed below in subsections 2.6.1 

through 2.6.6. 

2.6.1 Conceptual Site Model 

The CSM for the Site incorporates a number of assumptions regarding completeness and reasonableness 

of exposure scenarios presumed at each site. Many of the assumptions seem evidently valid. For 

example, it is not unrealistic to assume that current land use atthe Site will remain the same in the future, 

so if it is redeveloped for similar land use, presence of industrial/commercial workers is likely. Similarly, 

the selected receptors considered in the HHRA-trespassers and construction workers, and utility 

workers-are consistent with current and expected future land use in the area. However, land use at 

potential future properties is unknown at present, and thus the site model assumes the Site will be 

redeveloped for either residential use or a recreational facility. Likeliness of these two land uses in the 

future is not evident. The CSM assumes that shallow groundwater could be used for drinking water 

purposes; however, it is not clear whether shallow groundwater at the Site is of sufficient quality and the 

aquifer would provide adequate quantity of water for use as a drinking water source. Moreover, City of 

Des Moines water is available and likely to be required for human consumption Because the direct 

groundwater exposure pathway may not be complete, the risk assessment overestimates potential risks 

from groundwater. 

2.6.2 Analytical Data 

Laboratory analysis of environmental samples is subject to a number of technical difficulties; however, 

the magnitude of uncertainty is generally small compared to other sources. Nevertheless, another source 

of analytical data-related uncertainty is associated with use (or non-use) of historical analytical data 

associated with the Site. Historical data were not directly used quantitatively in the HHRA. Calculations 

of medium-specific EPCs in the HHRA were based entirely on data obtained during the SRI-except for 

groundwater data, which were provided from evaluation of the groundwater treatment system. Therefore, 

use of these data in the HHRA is judged associated with a minimal amount of uncertainty. 

A low amount of uncertainty also is associated with results of quantitative exposure calculations in the 

HHRA based on SRI soil, sediment, and surface water data, and on groundwater data from another 

source. The medium-specific SRI samples (1) were collected by a sampling crew that remained 

consistent, (2) were analyzed via a consistent set of analytical procedures that met the majority of 
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chemical- and medium-specific project action limits (PAL), and (3) represented adequate spatial coverage 

across all media at the Site. Review of historical data indicated that no significant new COPCs would 

have been identified if historical data in addition to the SRI data would have been used. The SRI data 

were judged to represent the most up-to-date analytical data set. 

2.6.3 Exposure Estimates 

Uncertainty associated with the overall CSM (i.e., the potentially complete exposure pathways evaluated 

in the HHRA) was discussed in Section 2.6.1. This section focuses on the uncertainty associated with 

estimates of exposures at points of contact between the human receptor and constituents in environmental 

media. 

2.6.3.1 Exposure Point Concentrations 

All medium-specific EPCs are based on a limited number oflocation-specific samples. To be health 

protective (e.g., conservative) and for the purposes of the HHRA, the maximum detected groundwater 

concentration among the wells (see Attachment 1, Table 3.5) was used as the EPC. Use of the maximum 

concentration may result in an overestimate of exposures to human receptors. Spocifically, assuming 

water is obtained from a groundwater well screened at a fixed depth, it is unlikely that maximum 

contaminant concentrations at different groundwater horizons (depths) are to be drawn into the same well 

at the same rate. The approach used to calculate groundwater EPCs introduces a moderate amount of 

uncertainty. Surface water EPCs were based on results from two samples, and the maximum value was 

used for that EPC as well. The limited number of samples and use of the maximum concentntion as the 

EPC introduces a moderate amount of uncertainty. 

Potential inhalation exposures, risks, and hazards for the inhalation pathway at a construction trench for 

the construction worker were modeled by application of the VDEQ (2007) methodology (inhalation) 

based on maximum analytical results from groundwater samples. This approach using maximum 

analytical results to represent all trench waters likely overestimates exposure, and introduces a level of 

uncertainty. 

2.6.3.2 Exposure Parameters 

Values assumed for exposure parameters (e.g., ingestion rate and exposure frequency) used in 

calculations of intakes were based primarily on default parameters recommended by EPA guidance. 

These assumptions might result in underestimating or overestimating intakes calculated for specific 

receptors, depending on accuracy of the assumptions relative to actual site conditions and land uses 
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2.6.4 Toxicity Factors 

Uncertainty is inherent in the toxicity values utilized in evaluating carcinogenic and non-carcinogenic 

risks. Such uncertainty is chemical-specific and is incorporated into the toxicity value during its 

development. For example, an uncertainty factor may be applied for interspecies and intrahuman 

variability, for extrapolation from subchronic to chronic exposures, or for epidemiological data 

limitations. Application of uncertainty factors is expected to overestimate risks. 

Absence of toxicity values for some COPCs may lead to underestimations of risks and hazards. In certain 

cases, surrogate toxicity values were used to evaluate potential risk, which considering the conservative 

selection of surrogates, is likely to overestimate risks. 

Notably, construction and utility worker exposure is considered "sub-chronic" (i.e., less than 1 year); 

however, chronic RfDs/RfCs were used in the risk evaluation of construction workers. This is a 

conservative approach because exposures of shorter duration ignore important pharmacokinetic and 

pharmacodynamic processes, and homeostatic mechanisms to overcome potential adverse effect. 

However, subchronic toxicological data are unavailable for most chemicals. Therefore, the assumption of 

a chronic toxicity value introduces some uncertainty into the risk assessment process. Risks for this 

receptor likely are overestimated. 

2.6.5 Risk and Hazard Characterization 

Because of the number of receptor-exposure pathways at each site, numerous combinations are possible. 

Some of these combinations are more relevant than others. Pathways associated withfuture residential 

and industrial/commercial receptors or recreational receptors who may undergo secondary exposures 

while living, working, trespassing, or recreating at the Site are the most appropriate to consider for this 

evaluation. Other scenarios carry a higher degree of uncertainty. For example, utility/construction 

workers are assumed exposed solely to the highest concentration point in each site. As such, the 

calculated risks at each site already represent a "worst case" scenario. Summing non-cancer risks to an 

individual receptor through time (e.g., from childhood resident to adult worker) is also problematic, as 

individual HQs are based on average daily intake, and thus, the non-cancer risk should be based just on 

the most sensitive life stage (children). 

Generally, risks calculated for worker and residential scenarios were greater than those for trespassing. 

Thus, although additional on-site activities may contribute to overall risk, the increase in risk is modest. 

X9025.16.0144.000 2-48 

ED_001521A_00007994-00061 



Des Moines TCE Site- Human Health Risk Assessment Addendum 

2.7 HHRA SUMMARY AND CONCLUSIONS 

This HHRA evaluated potential exposures of human receptors to constituents detected in surface soils, all 

soils, surface water, sediment, and groundwater at the Site. Risks and hazards were characterized on a 

property-specific basis for a series of receptor types: residents, industrial/commercial workers, outdoor 

workers, construction workers and utility workers, recreationalists, and trespassers. The objectives of the 

HHRA were to evaluate whether site-related constituents detected in environmental media pose 

unacceptable risks and hazards to current and potential future human receptors, and to provide 

information to support decisions regarding need for further evaluation or action based on current and 

reasonably anticipated future land use. This HHRA supports the following summary and conclusions 

(related to RME conditions only, unless otherwise specified): 

Total risks to future residents and future industrial/commercial worker were at or greater than 
EPA's risk range. Cancer risks of 9E-04 and lE-04, respectively were driven by groundwater 
used for domestic purposes and inhalation of indoor air from vapor intrusion. COCs are TCE and 
vinyl chloride. Total His for future residents of 54 and for industrial/commercial workers of 22 
were driven by, respectively, groundwater used for domestic purposes and inhalation of indoor air 
from vapor intrusion. The COC is TCE (54), indicating a potential noncancer hazard. 

Total cancer risk to the child recreationalist exceeded EPA's risk range (exceeded lE-04). 
Cancer risks were driven by exposure to sediments. COCs were aldrin and dieldrin. Total HI for 
current residents was 2, and was driven by ingestion of sediment. The COC was aldrin (1.5), 
indicating a potential noncancer hazard. 

Total cancer risks to the outdoor worker (2E-06), construction/utility worker (lE-05), adolescent 
recreationalist (4E-05), adult recreationalist (3E-05), adolescent trespasser (2E-05), and adult 
trespasser (4E-05) were all within EPA's acceptable risk range of lE-06 to lE-04. Cancer risk to 
the construction/utility worker was driven by TCE in groundwater. Cancer risks to 
recreationalists and trespassers were driven by dieldrin in surface water and aldrin and dieldrin in 
sediment. His were less than 1 for all receptors, indicating no significant noncancer hazard. 

Primary uncertainties that most significantly impact the results relate to (l) selection of EPCs 
based on maximum detected concentrations in pond surface water and groundwater, and 
(2) reliance on modeling to estimate contaminant concentrations in indoor air and air within a 
construction trench. 

X9025.16.0144.000 2-49 

ED _00 1521 A_00007994-00062 



Des Moines TCE Site- Human Health Risk Assessment Addendum 

3.0 RISK ASSESSMENT SUMMARY AND CONCLUSIONS 

This section presents the risk assessment summary and conclusions regarding the HHRA of the Site. 

3.1 DES MOINES TCE SITE HUMAN HEALTH RISK ASSESSMENT ADDENDUM 

The following sections discuss HHRA objectives, exposure areas, approach, and results, and present 

overall conclusions regarding the Site. 

3.1.1 Objectives 

The HHRA evaluated current and potential future health risks and hazards associated with exposure to 

site-related COPCs at the Site. Primary objectives of the HHRA were as follows: 

To determine if site-related constituents detected in environmental media pose unacceptable risks 
to current and future human receptors under baseline (unremediated) conditions 

To provide information to support decisions regarding need for further evaluation or action based 
on current and reasonably anticipated future land use. 

3.1.2 Exposure Areas 

The HHRA evaluated potential exposures and related risks and hazards at on-site locations-site soils, 

groundwater, and surface water and sediment at the on-site pond. 

3.1.3 HHRA Approach 

Consistent with standard risk assessment practice and EPA guidance (EPA 1989), the HHRA included the 

following components: (1) data evaluation and selection of COPCs, (2) exposure assessment, (3) toxicity 

assessment, and (4) risk characterization. 

Medium-specific data sets used to prepare the HHRA consisted of analytical data obtained during the 

SRI. These data are considered the most up-to-date available and provide reasonable geographic 

coverage. Conservative assumption was that conditions at the time of the SRI (i.e., unremediated 

conditions) were representative of current and future conditions. COPCs were selected following EPA 

guidance, primarily EPA's RAGS (EPA 1989), based on (1) screening of maximum detected 

concentrations against medium-specific screening levels selected as the most conservative values from 

EPA's RSLs, and (2) elimination of essential nutrients. 
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As specified in RAGS (EPA 1989), the four elements necessary to form a complete exposure pathway 

include: 

A source or release from a source 

A mechanism of release and transport 

A point of contact for potential receptors 

An exposure route. 

If any one of the four elements is missing, the exposure pathway is incomplete. In general, only 

potentially complete exposure pathways were evaluated in the HHRA. The Des Moines TCE human 

health CSM is diagrammatically presented on Figure 2-l and summarized in the RAGS D Part D Table l 

in Attachment l. 

Briefly, the Site includes soils, sediment and surface water from an adjacent pond, groundwater, and air 

within a construction trench and potential indoor air via vapor intrusion. The contamination is assumed to 

have originated from the Site. Potential exposures consist of direct and indirect exposure to groundwate~ 

soils, sediment, and surface water. 

The receptors and exposure routes considered quantitatively or qualitatively in the Des Moines TCE site 

HHRA addendum include the following: 

3.1.3.1 Receptors and Exposure Routes 

Future Resident: Under this scenario, residential development could occur in the future. Future 
on-site residents could be exposed to site-related contaminants in surface soil and subsurface soil, 
and to groundwater, if future residents choose to use groundwater as a drinking water source. 
Exposure to surface water and sediment was not included in the residential scenario. In addition, 
assumedly the future resident would be exposed to vapors that may come from the VOCs in the 
groundwater via vapor intrusion to indoor air. 

Future Industrial/Commercial Worker: Industrial/commercial operations are assumed active 
in the future at the Site. Future industrial/commercial workers may be exposed to site-related 
contaminants in surface and subsurface soils and groundwater. In addition, industrial/commercial 
workers could be exposed to vapors in indoor air that migrate from groundwater via diffusion or 
advection. Consistent with EPA guidance (2015b), this pathway was evaluated by use of the 
VISL calculator (EPA 2016b). Finally, future industrial/commercial workers were also assumed 
to use groundwater for potable purposes. 

Future Outdoor Worker: One potential future site use could be as a recreational facility, such 
as a park with athletic fields. This would require a staff of workers to maintain these fields and 
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other amenities at the Site. Assumedly, these workers would be exposed to soils only, either 
surface soils or subsurface soils assuming significant regrading ofthe Site. 

Future Construction/Utility Workers: Construction workers could be exposed to site-related 
contaminants in environmental media while performing short-duration construction related to 
possible site redevelopment. Presumably, utilities would be installed in the future if the Site is 
redeveloped. Therefore, the future on-site construction worker could be exposed to site-related 
constituents in surface soil (assuming no intrusive activities), subsurface soil ( 0-10 feet bgs, 
assuming intrusive activities), and groundwater and vapors in a construction trench. 

Future Recreational User: Assumedly, one potential future site use is as a recreational facility. 
Presumably, an adult, adolescent, or child would engage in a variety of activities at locations on 
the Site including, but not limited to, trails, athletic fields, and vegetated areas. These activities 
would include uses of athletic fields for baseball, football, and soccer; of playground equipment; 
and of trails or paths around the park. Picnics and other similar activities in the park also 
assumedly would occur. As part of their activities, recreational visitors could be exposed to 
combined surface soils and subsurface soils (0 to 10 feet bgs), presuming the Site will have 
undergone redevelopment to become a park, and subsurface site soils will have been mixed and 
redistributed at the surface. The Site hosts a small pond on the southern portion, and assuming 
this pond will remain after redevelopment, the recreationalist may be exposed to sediment and 
surface water in the pond. 

Current and Future Trespasser: Evidence of trespassing has been observed at the Site. 
Therefore, current trespassers could be exposed to site-related contaminants in surface soil 
(0-2 feet bgs). If the Site is redeveloped, future trespassers could be exposed to combined surface 
soils and subsurface soils (0 to 10 feet bgs). The trespasser would also be exposed to surface 
water and sediment from the pond. 

Receptor-specific intakes for each exposure route were calculated under RME conditions by use of 

equations and exposure parameter values presented in the RAGS Part D 4 Series tables (in:luded as part 

of Attachment 1). 

In addition to the exposure parameter values presented in Attachment 1, the equations also included a 

medium-specific concentration to which receptors were assumed exposed (the EPC). In general, EPCs 

were calculated as the 95UCL on the mean by use ofEPA's ProUCL Version 5.1 statistical software 

package (EPA 2015c). The approach to calculate EPCs for chemicals with and without censored results 

followed EPA guidance and recommendations offered in EPA's ProUCL 5.1.00 Technical Guide 

(EPA 2015c). 

The EPC was generally selected as the 95UCL of the statistical method recommended by 
ProUCL. Exposure of construction workers and utility workers is expected within limited 
portions of each exposure area. Therefore, consistent with EPA recommendations, the maximum 
detected concentration was used as the EPC for these receptors. 

Groundwater involves unique circumstances that complicate calculation ofEPCs. Receptors are 
not expected to be exposed to groundwater from multiple locations across an exposure area. 
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Rather, receptors may ingest groundwater from a single well installed at a particular location or 
may have direct contact with groundwater in a construction trench at a particular location. As a 
result, EPCs for groundwater were calculated in accordance with EPA guidance, including 
"Determining Groundwater Exposure Point Concentrations, Supplemental Guidance" 
(EPA 2014). 

Modeling was applied to generate medium-specific EPCs for media not sampled directly. 
Specifically, modeling was applied to estimate EPCs in trench air and indoor air, as summarized 
below: 

o Concentrations ofVOCs from groundwater in outdoor air within a construction or utility 
trench were estimated by application of a methodology developed by VDEQ as part of its 
"Voluntary Remediation Program Risk Assessment Guidance" (VDEQ 2007). 

o Migration ofVOCs from underlying groundwater into indoor air (subsurface vapor transport) 
was evaluated consistent with EPA guidance, including Technical Guide for Assessing and 
Mitigating the Vapor Intrusion Pathway from Subsurface Vapor Sources to Indoor Air 
(EPA 20 15b ). EPA's VISL calculator (Version 3.5 .1) (EPA 20 16b) also was used. 

The risk assessment used the default toxicity values presented in the EPA RSL tables (EPA 20 16a). The 

default values were obtained from the following sources in the order in which they appear below: 

IRIS on-line database (EPA 2016c) 

PPRTV derived by EPA's Superfund Health Risk Technical Support Center for the EPA 
Superfund Program (EPA 20 16d) 

ATSDR MRLs (ATSDR 2016) 

CalEPA/Office of Environmental Health Hazard Assessment's toxicity values (Ca1EPA2016) 

Screening toxicity values in appendices to certain PPRTV assessments 

The EPA Superfund Program's HEAST (EPA 2016e). 

Toxicity values used in the HHRA are listed in Tables 5.1 and 5.2 (non-cancer toxicity values) and Tables 

6.1 and 6.2 (cancer toxicity values) of Attachment 1. 

3.1.4 HHRA Results 

This HHRA evaluated potential exposures of human receptors to constituents detected in surface water, 

sediment, and groundwater at the Site. Risks and hazards were characterized for a series of receptor 

types: trespassers, residents, construction workers, and utility workers. Objectives of the HHRA were to 

evaluate whether site-related constituents detected in environmental media pose unacceptable risks and 

hazards to current and potential future human receptors, and to provide information to support decisions 
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regarding need for further evaluation or action based upon current and reasonably anticipated future land 

use. This HHRA supports the following summary and conclusions based on the information presented in 

Sections 2.5.3.1, 2.5.3.2, and 2.6: 

Total risks to future residents and future industrial/commercial worker were within or greater than 
EPA's risk range. Cancer risks of 9E-04 and lE-04, respectively, were driven by groundwater 
used for domestic purposes and inhalation of indoor air from vapor intrusion. COCs are TCE and 
vinyl chloride. Total HI for future residents of 54, and for industrial/commercial worker of 22 
were driven by groundwater used for domestic purposes and inhalation of indoor air from vapor 
intrusion. The COC is TCE (54) indicating a potential noncancer hazard. 

Total risks to the child recreationalist were outside of EPA's risk range- lE-04. Cancer risks 
were driven by exposure to sediments. COCs were aldrin and dieldrin. Total HI for current 
residents of 2 was driven by ingestion of sediment. The COC is aldrin ( 1.5), indicating a 
potential noncancer hazard. 

Total risks for the outdoor worker (2E-06), construction/utility worker (lE-05), adolescent 
recreationalist (4E-05), adult recreationalist (3E-05), adolescent trespasser (2E-05), and adult 
trespasser (4E-05) were all within EPA's acceptable risk range of lE-06 to lE-04. The risks were 
driven by dieldrin in surface water and aldrin and dieldrin in sediments. His were less than 1, 
indicating no significant noncancer hazards. 

3.1.5 HHRA Uncertainties 

Primary uncertainties that most significantly impact the results relate to (1) selection of EPCs based on 

maximum detected concentrations in pond surface water and groundwater, and (2) reliance on modeling 

to estimate contaminant concentrations within indoor air and air in a construction trench. 
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5. Potential exposure to subsurface soil assumed to occur in the future only if subsurface soil is brought to the surface and mixed with surface soil as the result of intrusive activities such as excavating and landscaping. Human Health Conceptual Site Model 
6. Potential exposures will be evaluated for surface water body-South Pond. Ingestion of aquatic life (e.g., fish) expected to be minimal due to the small size of the pond and is not quantitatively evaluated. 
7. For construction and utility workers, inhalation is assumed to occur in work trenches. 
8. Dermal contact with groundwater by industrial-commercial workers is expected to occur via limited washing activities, as a result, exposure is expected to be minimal and not quantitatively evaluated. 
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TABLE 2-1 

RISK AND HAZARD SUMMARY 
DES MOINES TCE SITE, DES MOINES, lOW A 

Receptor RAGS D Tables Total Risk Risk Drivers Total ill HI Drivers 

2,3,7,8 TCDD TEQ (4.lE-06) 
p,p'-DDT (1.2E-06) 
Chloroform (2.4-E-06) 

Future Residents 9.l.RME 9E-04 (SS/GW-VI) SS: 1.2E-05 TCE (4.7E-06) 56 (SS/GW-VI) SS:l.l TCE 

2,3,7,8 TCDD TEQ (4.lE-06) 
Chloroform (2.4-E-06) 

9E-04 (AS/GW-VI) AS: 9.0E-06 TCE (2.3E-06) 54 (AS/GW-VI) AS: 1 NA 

1,2-Dichloroethane (3 .6E-06) 
TCE (6.8E-04) 

GW: 7.9E-06 Vinyl chloride (2.0E-04) GW:54 TCE (54) 
Future Industrial/ 
Commercial Workers 9.2.RME lE-04 (SS/GW-VI) SS: 1.9E-06 NA 22 (SS/GW-VI) SS: 0.02 NA 

lE-04 (AS/GW-VI) AS: 1.4E-06 NA 22 (AS/GW-VI) AS: 0.1 NA 

TCE (1.2E-04) 

GW: 1.3E-04 Vinyl Chloride (l.lE-05) GW:22 TCE (22) 

Future Outdoor Workers 9.3.RME 2E-06 (SS) SS: 2.2E-06 NA 0.2 (SS) SS: 0.2 NA 

2E-06 (AS) AS: 1.7E-06 NA 0.1 (AS) AS: 0.1 NA 

Future Construction/ 
Utili tv Workers 9.4.RME lE-05 (AS/GW) AS: 8.3E-08 NA 100 (AS/GW) SB: 0.12 NA 

GW: 1.2E-05 TCE ( 1.2E-05) GW: 100 TCE (100) 

Future Child Recreational 
User 9.5.RME 2E-04 (SS/SW /SED) SS: 1.6E-06 2,3,7,8 TCDD TEQ (l.lE-06) 2 (SS/SW /SED) SS: 0.19 NA 

SW: 6.0E-06 Dieldrin ( 5. 7E-06) SW: 0.11 
Aldrin (6.5E-05) 

SED: l.lE-04 Dieldrin (4.5E-05) SED: 2.2 Aldrin (1.5) 

Future Adolescent 
Recreational User 9.6.RME 4E-05 (SS/SW /SED) SS: 5.lE-07 NA 0.5 (SS/SW /SED) ss NA 

SW: 7.6E-06 Dieldrin (6.9E-06) sw NA 
Aldrin (1.8E-05) 

SED: 3.5E-05 Dieldrin (1.6E-05) SED NA 
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TABLE 2-1 

RISK AND HAZARD SUMMARY 
DES MOINES TCE SITE, DES MOINES, lOW A 

Receptor RAGS D Tables Total Risk 

Future Adult 
Recreational User 9.7.RME 3E-05 (SS/SW /SED) 

Current and Future 
Adolescent Trespasser 9.8.RME 2E-05 (SS/SW /SED) 

2E-05 (AS/SW /SED) 

Current and Future 
Adult Trespasser 9.9.RME 5E-05 (SS/SW /SED) 

5E-05 (AS/SW /SED) 

Notes: 

AS All soil (0-10 feet below ground surface) 
GW Groundwater 
HI Hazard index 
NA Not applicable 
RAGS Risk Assessment Guidance for Superfund 
RME Reasonable maximum exposure 
SED Sediment 
SS Surface soil (0-2 feet below ground surface) 
SW Surface water 
TCE Trichloroethene 
VI Vapor intrusion 

Risk Drivers 

SS: 2.5E-07 NA 

SW: 7.3E-06 Dieldrin (5.7E-06) 
Aldrin (l.lE-05) 

SED: 2.3E-05 Dieldrin (1.2E-05) 

SS: 2.7E-07 NA 

AS: 2.0E-07 NA 

SW: 3.7E-06 Dieldrin (3.5E-06) 
Aldrin (8.7E-06) 

SED: 1.6E-05 Dieldrin (7.6E-06) 

SS: 7.3E-07 NA 

AS: 5.6E-07 NA 

SW: 1.4E-05 Dieldrin (1.5E-05) 

Aldrin (2.2E-05) 

SED: 3.8E-05 Dieldrin (1.6E-05) 

Total ill HI Drivers 

0.2 (SS/SW /SED) ss NA 

sw NA 

SED NA 

0.4 (SS/SW /SED) ss NA 

0.4 (SS/SW /SED) AS NA 

sw NA 

SED NA 

0.9 (SS/SW/SED) ss NA 

0.8 (SS/SW/SED) AS NA 

sw NA 

SED NA 
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HHRA RAGS PART D TABLES 
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TABLE 1 
HUMAN HEALTH RISK ASSESSMENT SELECTION OF EXPOSURE PATHWAYS 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Medium Exposure Exposure Receptor 

Timeframe Medium Point Population 
Current Surface Soil Surface Soil Surface Soil On-Site Trespasser 

Particulates and Vapors Outdoor Air On-Site Trespasser 

Future All Soil All Soil All Soil On-Site Trespasser 

Particulates and Vapors Outdoor Air On-Site Trespasser 

Current/Future Sediment Sediment Sediment On-Site Trespasser 

Surface Water Surface Water Surface Water On-Site Trespasser 

Current/Future All Soil All Soil All Soil On-Site 
Construction/Uti I ity 

Worker 

Particulates and Vapors Outdoor Air On-Site 
Construction/Uti I ity 

Worker 

Page 1 of 6 

Receptor Exposure Type of Rationale for Selection or Exclusion 

Age Route Analysis of Exposure Pathway 
Adult Ingestion Quant. Trespassers may incidentally ingest surface 

Youth (7-16 years) soil. 

Dermal Quant. Trespassers may have exposed skin come into 
contact with surface soil. 

Adult Inhalation Quant. Trespassers may inhale volatiles and fugitive 
Youth (7-16 years) dust that migrate from surface soil to air. 

Adult Ingestion Quant. Trespassers may incidentally ingest all soil if 
Youth (7-16 years) subsurface soil is brought to the surface and 

mixed with surface soil as the result of Site 
development. 

Dermal Quant. Trespassers may have exposed skin come into 
contact with all soil if subsurface soil is brought 
to the surface and mixed with surface soil as 
the result of Site development. 

Adult Inhalation Quant. Trespassers may inhale volatiles and fugitive 
Youth (7-16 years) dust that migrate from all soil to air, if 

subsurface soil is brought to the surface and 
mixed with surface soil as the result of Site 
development. 

Adult Ingestion Quant. Trespassers may incidentally ingest on-site 
Youth (7-16 years) sediment. 

Dermal Quant. Trespassers may have exposed skin come into 
contact with on-site sediment. 

Adult Ingestion Quant. Trespassers may incidentally ingest on-site 
Youth (7-16 years) surface water. 

Dermal Quant. Trespassers may have exposed skin come into 
contact with on-site surface water. 

Adult Ingestion Quant. Current/Future construction/utility workers may 
incidentally ingest soil. 

Dermal Quant. Current/Future construction/utility workers may 
have exposed skin come into contact with soil. 

Adult Inhalation Quant. Current/Future construction/utility workers may 
inhale volatiles and fugitive dust that migrate 
from soil to outdoor air. 
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TABLE 1 
HUMAN HEALTH RISK ASSESSMENT SELECTION OF EXPOSURE PATHWAYS 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Medium Exposure Exposure Receptor 

Timeframe Medium Point Population 

Groundwater Groundwater Groundwater On-Site 
Construction/Uti I ity 

Worker 

Vapors Outdoor Air (trenches) On-Site 
Construction/Uti I ity 

Worker 

Page 2 of 6 

Receptor Exposure Type of Rationale for Selection or Exclusion 

Age Route Analysis of Exposure Pathway 

Adult Dermal Quant. Current/Future construction/utility workers may 
have exposed skin come into contact with 
groudnwater during trench work. 

Adult Inhalation Quant. Current/Future construction/utility workers may 
inhale groundwater vapors from trench air. 
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TABLE 1 
HUMAN HEALTH RISK ASSESSMENT SELECTION OF EXPOSURE PATHWAYS 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Medium Exposure Exposure Receptor 
Timeframe Medium Point Population 

Future All Soil All Soil All Soil On-Site Recreationalist 

Particulates and Vapors Outdoor Air On-Site Recreationalist 

Sediment Sediment Sediment On-Site Recreationalist 

Surface Water Surface Water Surface Water On-Site Recreationalist 

Future Surface Soil Surface Soil Surface Soil On-Site Outdoor Worker 

Particulates and Vapors Outdoor Air On-Site Outdoor Worker 

All Soil All Soil All Soil On-Site Outdoor Worker 

Page 3 of 6 

Receptor Exposure Type of Rationale for Selection or Exclusion 
Age Route Analysis of Exposure Pathway 

Adult Ingestion Quant. Recreationalists may incidentally ingest all soil 
Youth (7-16 years) if subsurface soil is brought to the surface and 
Child (1-6 years) mixed with surface soil as the result of Site 

development. 

Dermal Quant. Recreationalists may have exposed skin come 
into contact with all soil if subsurface soil is 
brought to the surface and mixed with surface 
soil as the result of Site development. 

Adult Inhalation Quant. Recreationalists may inhale volatiles and 
Youth (7-16 years) fugitive dust that migrate from all soil to air, if 
Child (1-6 years) subsurface soil is brought to the surface and 

mixed with surface soil as the result of Site 
development. 

Adult Ingestion Quant. Recreationalist may incidentally ingest on-site 
Youth (7-16 years) sediment. 
Child (1-6 years) 

Dermal Quant. Recreationalist may have exposed skin come 
into contact with on-site sediment. 

Adult Ingestion Quant. Recreationalist may incidentally ingest on-site 
Youth (7-16 years) surface water. 
Child (1-6 years) 

Dermal Quant. Recreationalist may have exposed skin come 
into contact with on-site surface water. 

Adult Ingestion Quant. Future outdoor workers may incidentally ingest 
surface soil. 

Dermal Quant. Future outdoor workers may have exposed skin 
come into contact with surface soil. 

Adult Inhalation Quant. Future outdoor workers may inhale volatiles 
and fugitive dust that migrate from surface soil 
to air. 

Adult Ingestion Quant. Future outdoor workers may incidentally ingest 
all soils if subsurface soil is brought to the 
surface and mixed with surface soil as the 
result of Site development. 
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TABLE 1 
HUMAN HEALTH RISK ASSESSMENT SELECTION OF EXPOSURE PATHWAYS 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Medium Exposure Exposure Receptor 
Timeframe Medium Point Population 

Particulates and Vapors Outdoor Air On-Site Outdoor Worker 
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Receptor 
Age 

Adult 

Exposure Type of Rationale for Selection or Exclusion 
Route Analysis of Exposure Pathway 

Dermal Quant. Future outdoor workers may have exposed skin 
come into contact with all soil if subsurface soil 
is brought to the surface and mixed with 
surface soil as the result of Site development. 

Inhalation Quant. Future outdoor workers may inhale volatiles 
and fugitive dust that migrate from all soils to 
air if subsurface soil is brought to the surface 
and mixed with surface soil as the result of Site 
development. 
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TABLE 1 
HUMAN HEALTH RISK ASSESSMENT SELECTION OF EXPOSURE PATHWAYS 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Medium Exposure Exposure Receptor 
Timeframe Medium Point Population 

Future Surface Soil Surface Soil Surface Soil On-Site Commercial/ 
Industrial Worker 

Particulates and Vapors Outdoor Air On-Site Commercial/ 
Industrial Worker 

All Soil All Soil All Soil On-Site Commercial/ 
Industrial Worker 

On-Site Commercial/ 
Industrial Worker 

Particulates and Vapors Outdoor Air On-Site Commercial/ 
Industrial Worker 

Groundwater Groundwater Groundwater On-Site Commercial/ 
Industrial Worker 

Vapors Indoor Air- On-Site Commercial/ 
Domestic Use Industrial Worker 

Vapors Indoor Air- On-Site Commercial/ 
Vapor Intrusion Industrial Worker 

Vapors Outdoor Air On-Site Commercial/ 
Industrial Worker 
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Receptor Exposure Type of Rationale for Selection or Exclusion 
Age Route Analysis of Exposure Pathway 

Adult Ingestion Quant. Future commercial/industrial workers may 
incidentally ingest surface soil. 

Dermal Quant. Future commercial/industrial workers may have 
exposed skin come into contact with surface 
soil. 

Adult Inhalation Quant. Future commercial/industrial workers may 
inhale volatiles and fugitive dust that migrate 
from surface soil to air. 

Adult Ingestion Quant. Future commercial/industrial workers may 
incidentally ingest all soil if subsurface soil is 
brought to the surface and mixed with surface 
soil as the result of Site development. 

Dermal Quant. Future commercial/industrial workers may have 
exposed skin come into contact with all soil if 
subsurface soil is brought to the surface and 
mixed with surface soil as the result of Site 
development. 

Adult Inhalation Quant. Future commercial/industrial workers may 
inhale volatiles and fugitive dust that migrate 
from all soil to air if subsurface soil is brought to 
the surface and mixed with surface soil as the 
result of Site development. 

Adult Ingestion Quant. Future commercial/industrial workers may 
ingest groundwater from the Site. 

Dermal Qualt. Future commercial/industrial workers may have 
dermal contact with groundwater from the Site; 
however, this exposure is expected to be 
insignificant. 

Adult Inhalation Quant. Future commercial/industrial workers may be 
exposed to volatile groundwater contaminants 
migrating into indoor air due to domestic use of 
groundwater. 

Adult Inhalation Quant. Future commercial/industrial workers may be 
exposed to volatile groundwater contaminants 
migrating into indoor air via vapor intrusion. 

Adult Inhalation Qualt. Future commercial/industrial workers may 
inhale groundwater vapors from the Site. 
However, this exposure is expected to be 
insignificant. 
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TABLE 1 
HUMAN HEALTH RISK ASSESSMENT SELECTION OF EXPOSURE PATHWAYS 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario 
Timeframe 

Future 

Notes: 
All Soils 
Surface Soils 
Qualt. 
Quant. 

Medium Exposure Exposure 
Medium Point 

Surface Soil Surface Soil Surface Soil 

Particulates and Vapors Outdoor Air 

All Soil All Soil All Soil 

Particulates and Vapors Outdoor Air 

Groundwater Groundwater Groundwater 

Vapors Indoor Air-
Household Use 

Vapors Indoor Air-
Vapor Intrusion 

Vapors Outdoor Air 

Assumed to be soils from 0 to 10 feet below ground surface 
Assumed to be soils from 0 to 2 feet below ground surface 

Receptor Receptor 
Population Age 

On-Site Resident Adult 
Child 

On-Site Resident Adult 
Child 

On-Site Resident Adult 
Child 

On-Site Resident Adult 
Child 

On-Site Resident Adult 
Child 

On-Site Resident Adult 
Child 

On-Site Resident Adult 
Child 

On-Site Resident Adult 
Child 

Qualitative; this scenario is expected to be insignificant and is not included in the quantitative risk assessment. 
Quantitative; this scenario was quantitatively assessed in the human health risk assessment 
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Exposure Type of Rationale for Selection or Exclusion 
Route Analysis of Exposure Pathway 

Ingestion Quant. Future residents may incidentally ingest surface 
soil. 

Dermal Quant. Future residents may have exposed skin come 
into contact with surface soil. 

Inhalation Quant. Future residents may inhale volatiles and 
fugitive dust that migrate from surface soil to 
air. 

Ingestion Quant. Future residents may incidentally ingest all soil 
if subsurface soil is brought to the surface and 
mixed with surface soil as the result of Site 
development. 

Dermal Quant. Future residents may have exposed skin come 
into contact with all soil if subsurface soil is 
brought to the surface and mixed with surface 
soil as the result of Site development. 

Inhalation Quant. Future residents may inhale volatiles and 
fugitive dust that migrate from all soil to air, if 
subsurface soil is brought to the surface and 
mixed with surface soil as a result of Site 
development. 

Ingestion Quant. Future residents may ingest groundwater from 
the Site. 

Dermal Contact Quant. Future residents may have dermal contact with 
groundwater from the Site. 

Inhalation Quant. Future residents may be exposed to volatile 
groundwater contaminants released from 
groundwater to indoor air from household 
groundwater use (e.g., showering). 

Inhalation Quant. Future residents may be exposed to volatile 
groundwater contaminants migrating into indoor 
air via vapor intrusion. 

Inhalation Qualt. Future residents may inhale groundwater 
vapors from the Site. However, this exposure 
is expected to be insignificant. 
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TABLE 2.1 
OCCURANCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -SURFACE SOILS 
DES MOINES TCE SITE, DES MOINES, IOWA 

Exposure Area Analyte Class Cas. Number Analyte Name 

Dico Property Dioxin 1746-01-6 2,3,7,8-TCDD Equivalent 

Dico Property Herbicide 93-76-5 2,4,5-T (Trichlorophenoxyacetic Acid) 
Dico Property Herbicide 94-75-7 2,4-D (Dichlorophenoxyacetic Acid) 
Dico Property Pesticide 309-00-2 Aldrin 
Dico Property Pesticide 5103-71-9 alpha-Chlordane 
Dico Property Pesticide 319-85-7 Beta BHC (beta Hexachlorocyclohexane) 
Dico Property Pesticide 60-57-1 Dieldrin 
Dico Property Pesticide 115-29-7 Endosulfan Sulfate 
Dico Property Pesticide 7421-93-4 Endrin Aldehyde 
Dico Property Pesticide 53494-70-5 Endrin Ketone 
Dico Property Pesticide 58-89-9 Gamma BHC (Lindane) 
Dico Property Pesticide 12789-03-6 gamma-Chlordane 
Dico Property Pesticide 1024-57-3 Heptachlor Epoxide 
Dico Property Pesticide 72-54-8 p,p'-DDD 
Dico Property Pesticide 72-55-9 p,p'-DDE 
Dico Property Pesticide 50-29-3 p,p'-DDT 
Dico Property voc 71-55-6 1,1, 1-Trichloroethane 
Dico Property voc 107-06-2 1 ,2-Dichloroethane 
Dico Property voc 67-64-1 Acetone 
Dico Property voc 75-15-0 Carbon Disulfide 
Dico Property voc 67-66-3 Chloroform 
Dico Property voc 156-59-2 cis-1 ,2-Dichloroethylene 
Dico Property voc 79-20-9 Methyl Acetate 
Dico Property voc 78-93-3 Methyl Ethyl Ketone (2-Butanone) 
Dico Property voc 108-10-1 Methyl Isobutyl Ketone (4-Methyi-2-Pentanone) 
Dico Property voc 127-18-4 Tetrachloroethene 
Dico Property voc 156-60-5 Trans-1 ,2-Dichloroethene 
Dico Property voc 79-01-6 Trichloroethene 

Notes: 
*Soil samples taken 0-2 feet below ground surface 
Shaded constituents indicate chemicals of potential concern. 

1. Minimum/maximum detected concentration. 
2. Maximum detected concentration used as the screening concentration. 
3. Screening value the RSL for residential receptors 

Screening Value Basis Codes: 
c Cancer endpoint and a target cancer risk of 1 x 1 0 -o 

c* Cancer endpoint where: nc SL < 1 OOX ca SL 
c** Cancer endpoint where nc SL < 1 OX ca SL 
nc non-cancer endpoint and a target hazard quotient of 0.1 

4. The following surrogate values were used for screening: 
Chlordane was used as a surrogate for alpha-Chlordane and gamma-Chlordane. 
Endosulfan was used as a surrogate for endosulfan sulfate. 
Endrin was used as a surrogate for endrin aldehyde and endrin ketone 

5. Rationale Codes for selection or exclusion as COPC: 
Selection: 

ASL Above screening level 
NSC No screening criteria 

Source: 

Minimum Maximum 
Concentration Concentration 

(Qualifier) 1 (Qualifier) 1 Units 

0.00000001 0.000054 mg/kg -dry 
0.078 j 0.078 j mg/kg -dry 

0.38 j 0.38 j mQ/kQ -dry 
0.0037 0.0048 mg/kg -dry 
0.0024 0.0068 mg/kg -dry 
0.0024 0.0024 mg/kg -dry 

0.012 0.012 mQ/kQ -dry 
0.0075 0.0075 mg/kg -dry 
0.0045 j 0.0061 mg/kg -dry 
0.0052 0.014 j mg/kg -dry 
0.0028 j 0.0028 j mQ/kQ -dry 
0.0027 0.0077 mg/kg -dry 
0.0024 j 0.0024 j mg/kg -dry 

0.006 0.083 mg/kg -dry 
0.0041 1.4 mQ/kQ -dry 
0.0052 3.3 mg/kg -dry 

0.41 0.41 mg/kg -dry 
0.0073 0.0073 mg/kg -dry 

0.011 0.19 mQ/kQ -dry 
0.0079 0.0079 mg/kg -dry 

0.74 0.74 mg/kg -dry 
0.15 24 mg/kg -dry 
0.31 0.31 mQ/kQ -dry 

0.0096 0.03 mg/kg -dry 
0.012 j 0.012 j mg/kg -dry 
0.013 7.3 mg/kg -dry 
0.012 0.94 mQ/kQ -dry 
0.015 15 mg/kg -dry 

Definitions: 
CAS 
COPC 
j 

mg/kg 
RSL 
voc 

Chemical Abstract Service 
Chemical of potential concern 
Estimated value(+/- bias) 
Milligram per kilogram 
Regional Screening Level 
Volatile organic compound 

Deletion: 
BSL Below screening level 

Range of 
Location of Frequency of Detection 
Maximum Detection Limits 

SB-14 (0-2) 14/16 0.00000001 
SB-13 (0-2) 1/17 0.036-0.2 
SB-13 (0-2) 1/17 0.036-0.2 
SB-17 (0-2) 2/17 0.0019-0.021 
SB-14 (0-2) 3/17 0.0019-0.021 
SB-16 (0-2) 1/17 0.0019-0.021 
SB-14 (0-2) 1/17 0.0036-0.04 
SB-14 (0-2) 1/17 0.0036-0.04 
SB-14 (0-2) 2/17 0.0036-0.04 
SB-14 (0-2) 2/17 0.0036-0.04 
SB-9 (0-2) 1/17 0.0019-0.021 

SB-14 (0-2) 7/17 0.0019-0.021 
SB-9 (0-2) 1/17 0.0019-0.021 

SB-11 (0-2) 8/17 0.0036-0.04 
SB-12 (0-2) 2/17 0.0036-0.0056 
SB-12 (0-2) 9/17 0.0036-0.028 
SB-13 (0-2) 1/17 0.0044-1.2 

SB-11 (8-10) 1/17 0.0044-1.2 
SB-9 (0-2) 11/17 0.011-2.4 
SB-2 (0-2) 1/17 0.0046-1.2 

SB-12 (0-2) 1/17 0.0044-1.2 
SB-17 (0-2) 2/17 0.0044-0.38 
SB-15 (0-2) 1/17 0.0044-1.2 
SB-9 (0-2) 5/17 0.0092-2.4 
SB-9 (0-2) 1/17 0.0088-2.4 

SB-12 (0-2) 5/17 0.0044-1.2 
SB-14 (0-2) 2/17 0.0044-1.2 
:::>t:S-14 (U-LJ 9/17 0.0044-1.2 

U.S. Environmental Protection Agency (EPA). 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 

Screening 

Value 3
'
4 

Screening (Basis) 
Concentration2 

mg/kg COPC Rationale5 

0.000054 0.0000048 c* y ASL 
0.078 630 n N BSL 
0.38 700 n N BSL 

0.0048 0.039 c* N BSL 
0.0068 1.7 c* N BSL 
0.0024 0.3 c N BSL 
0.012 0.034 c* N BSL 

0.0075 470 n N BSL 
0.0061 19 n N BSL 
0.014 19 n N BSL 

0.0028 0.57 c* N BSL 
0.0077 1.7 c* N BSL 
0.0024 0.07 c* N BSL 
0.083 2.3 c N BSL 

1.4 2.0 c N BSL 
3.3 1.9 c* y ASL 

0.41 8100 ns N BSL 
0.0073 0.46 c* N BSL 

0.19 61000 n N BSL 
0.0079 770 ns N BSL 

0.74 0.32 c y ASL 
24 160 n y ASL 

0.31 78000 ns N BSL 
0.03 27000 n N BSL 

0.012 33000 ns N BSL 
7.3 24 c** N BSL 

0.94 1600 n N BSL 
15 0.94 c** y ASL 
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TABLE 2.2 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -ALL SOILS 
DES MOINES TCE SITE, DES MOINES, IOWA 

Exposure Area Analyte Class Cas. Number Analyte Name 

Dico Property Dioxin 1746-01-6 2,3,7,8-TCDD Equivalent 

Dico Property Herbicide 93-76-5 2,4,5-T (Trichlorophenoxyacetic Acid) 
Dico Property Herbicide 94-75-7 2,4-D (Dichlorophenoxyacetic Acid) 
Dico Property Pesticide 309-00-2 Aldrin 
Dico Property Pesticide 319-85-7 Beta BHC (beta Hexachlorocyclohexane) 
Dico Property Pesticide 5103-71-9 Chlordane; Alpha-
Dico Property Pesticide 12789-03-6 Chlordane; Gamma-
Dico Property Pesticide 60-57-1 Dieldrin 
Dico Property Pesticide 115-29-7 Endosulfan Sulfate 
Dico Property Pesticide 72-20-8 Endrin 
Dico Property Pesticide 7421-93-4 Endrin Aldehyde 
Dico Property Pesticide 53494-70-5 Endrin Ketone 
Dico Property Pesticide 58-89-9 Gamma BHC (Lindane) 
Dico Property Pesticide 1024-57-3 Heptachlor Epoxide 
Dico Property Pesticide 72-43-5 Methoxychlor 
Dico Property Pesticide 72-54-8 p,p'-DDD 
Dico Property Pesticide 72-55-9 p,p'-DDE 
Dico Property Pesticide 50-29-3 p,p'-DDT 
Dico Property voc 71-55-6 1,1, 1-Trichloroethane 
Dico Property voc 107-06-2 1 ,2-Dichloroethane 
Dico Property voc 67-64-1 Acetone 
Dico Property voc 75-15-0 Carbon Disulfide 
Dico Property voc 67-66-3 Chloroform 
Dico Property voc 156-59-2 cis-1 ,2-Dichloroethylene 
Dico Property voc 100-41-4 Ethyl benzene 
Dico Property voc 98-82-8 Isopropyl benzene (Cumene) 
Dico Property voc 106-42-3 m, p Xylenes 
Dico Property voc 79-20-9 Methyl Acetate 
Dico Property voc 78-93-3 Methyl Ethyl Ketone (2-Butanone) 
Dico Property voc 108-10-1 Methyl Isobutyl Ketone (4-Methyi-2-Pentanone) 
Dico Property voc 95-47-6 a-Xylene 
Dico Property voc 127-18-4 Tetrachloroethene 
Dico Property voc 156-60-5 Trans-1 ,2-Dichloroethene 
Dico Property voc 79-01-6 Trichloroethene 
Dico Property voc 75-01-4 Vinyl Chloride 

Notes: 
* Soil samples taken 1-10 feet below ground surface 
Shaded constituents indicate chemicals of potential concern. 
1. Minimum/maximum detected concentration. 
2. Maximum detected concentration used as the screening concentration. 
3. Screening value is the residential RSL value 

Screening Value Basis Codes: 
c Cancer endpoint and a target cancer risk of 1 x 1 0 -o 

c* Cancer endpoint where: nc SL < 1 OOX ca SL 
c** Cancer endpoint where nc SL < 1 OX ca SL 
nc non-cancer endpoint and a target hazard quotient of 0.1 

4. The following surrogate values were used for screening: 
Chlordane was used as a surrogate for alpha-Chlordane and gamma-Chlordane. 
Endosulfan was used as a surrogate for endosulfan sulfate. 
Endrin was used as a surrogate for endrin aldehyde and endrin ketone 

5. Rationale Codes for selection or exclusion as COPC: 
Selection: 

ASL Above screening level 

Minimum Maximum 
Concentration Concentration 

(Qualifier) 1 (Qualifier) 1 Units 

0.00000001 0.000054 mg/kg -dry 
0.078 J 0.078 J mg/kg -dry 

0.11 0.38 J mQ/kQ -dry 
0.0037 0.031 mg/kg -dry 
0.0024 0.034 mg/kg -dry 
0.0024 0.015 mg/kg -dry 
0.0021 0.091 mQ/kQ -dry 
0.0056 0.012 mg/kg -dry 
0.0075 0.23 mg/kg -dry 
0.0043 0.056 J mg/kg -dry 
0.0045 J 0.01 mQ/kQ -dry 
0.0044 0.26 J mg/kg -dry 
0.0028 J 0.0028 J mg/kg -dry 
0.0024 J 0.0024 J mg/kg -dry 

0.54 0.54 mQ/kQ -dry 
0.0055 0.16 mg/kg -dry 
0.0041 1.4 mg/kg -dry 
0.0051 J 3.3 mg/kg -dry 

0.41 12 mQ/kQ -dry 
0.0073 0.0073 mg/kg -dry 

0.011 0.19 mg/kg -dry 
0.0079 0.0079 mg/kg -dry 

0.74 0.74 mQ/kQ -dry 
0.0077 24 mg/kg -dry 

0.95 0.95 mg/kg -dry 
0.69 0.69 mg/kg -dry 

3 3 mQ/kQ -dry 
0.31 0.63 mg/kg -dry 

0.0096 0.03 mg/kg -dry 
0.012 J 0.012 J mg/kg -dry 

0.73 0.73 mQ/kQ -dry 
0.0053 7.3 mg/kg -dry 

0.012 0.94 mg/kg -dry 
0.015 15 mg/kg -dry 

0.0047 0.0047 mg/kg -dry 

Definitions: 
CAS Chemical Abstract Service 
COPC Chemical of potential concern 
J Estimated value(+/- bias) 
mg/kg Milligram per kilogram 
NA Not applicable 
RSL Regional Screening Level 
U Analyzed for, but not detected 
VOC Volatile organic compound 

Deletion: 
BSL Below screening level 

Screening 
Range of Value 3

'
4 

Location of Frequency of Detection Screening (Basis) 
Maximum Detection Limits Concentration2 

mg/kg COPC Rationale5 

SB-14 (0-2) 14/16 0.00000001 0.000054 0.0000048 c* y ASL 
SB-13 (0-2) 1/34 0.036-0.2 0.078 630 n N BSL 
SB-13 (0-2) 2/34 0.036-0.2 0.38 700 n N BSL 

SB-17 (8-10) 3/34 0.0019-0.021 0.031 0.039 c* N BSL 
SB-17 (8-10) 2/34 0.0019-0.021 0.034 0.3 c N BSL 
SB-13 (8-10) 6/34 0.0019-0.021 0.015 1.7 c* N BSL 
SB-17 (8-10) 16/34 0.0019-0.021 0.091 1.7 c* N BSL 
SB-15 (0-2) 2/34 0.0036-0.04 0.012 0.034 c* N BSL 

SB-17 (8-10) 2/34 0.0036-0.04 0.23 470 n N BSL 
SB-17 (8-10) 2/34 0.0036-0.04 0.056 19.0 n N BSL 
SB-6 (8-10) 3/34 0.0036-0.04 0.01 19.0 n N BSL 
SB-17 (8-10) 5/34 0.0036-0.04 0.26 19.0 n N BSL 

SB-9 (0-2) 1/34 0.0019-0.021 0.0028 0.57 c* N BSL 
SB-9 (0-2) 1/34 0.0019-0.021 0.0024 0.07 c* N BSL 

SB-17 (8-10) 1/34 0.019-0.21 0.54 320 n N BSL 
SB-14 (8-10) 16/34 0.0036-0.04 0.16 2.3 c N BSL 
SB-12 (0-2) 9/34 0.0036-0.039 1.4 2.0 c N BSL 
SB-12 (0-2) 15/34 0.0036-0.028 3.3 1.9 c* y ASL 

SB-13 (8-10) 2/34 0.0044-1.2 12 8100 ns N BSL 
SB-11 (8-10) 1/34 0.0044-1.2 0.0073 0.46 c* N BSL 

SB-9 (0-2) 23/34 0.011-2.4 0.19 61000 n N BSL 
SB-2 (0-2) 1/34 0.0046-1.2 0.0079 770 ns N BSL 

SB-12 (0-2) 1/34 0.0044-1.2 0.74 0.32 c y ASL 
SB-17 (0-2) 5/34 0.0044-0.38 24 160 n y ASL 
SB-12 (0-2) 1/34 0.0044-1.2 0.95 5.8 c N BSL 
SB-12 (0-2) 1/34 0.0044-1.2 0.69 1900 ns N BSL 
SB-12 (0-2) 1/34 0.0044-1.2 3 560 ns N BSL 

SB-13 (8-10) 3/34 0.0044-1.2 0.63 78000 ns N BSL 
SB-9 (0-2) 12/34 0.0092-2.4 0.03 27000 n N BSL 
SB-9 (0-2) 1/34 0.0088-2.4 0.012 33000 ns N BSL 

SB-12 (8-10) 1/34 0.0044-1.2 0.73 650 ns N BSL 
SB-12 (0-2) 8/34 0.0044-1.2 7.3 24 c** N BSL 
SB-14 (0-2) 2/34 0.0044-1.2 0.94 1600 n N BSL 
SB-14 (0-2) 14/34 0.0044-1.2 15 0.94 c** y ASL 
;:,t:5-0(I:HUJ 1/34 0.0044-1.2 0.0047 0.059 c N BSL 
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TABLE 2.2 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -ALL SOILS 
DES MOINES TCE SITE, DES MOINES, IOWA 

Source: 
U.S. Environmental Protection Agency (EPA). 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 2.3 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -SEDIMENT 
DES MOINES TCE SITE, DES MOINES, IOWA 

Exposure Area Analyte Class CAS Number Analyte Name 

South Pond Pesticide 309-00-2 Aldrin 
South Pond Pesticide 959-98-8 alpha-Endosulfan 
South Pond Pesticide 5103-71-9 alpha-Chlordane 
South Pond Pesticide 33213-65-9 beta-Endosulfan 
South Pond Pesticide 60-57-1 Dieldrin 
South Pond Pesticide 72-20-8 Endrin 
South Pond Pesticide 53494-70-5 Endrin Ketone 
South Pond Pesticide 5566-34-7 gamma-Chlordane 
South Pond Pesticide 1024-57-3 Heptachlor Epoxide 
South Pond Pesticide 72-54-8 p,p'-DDD 
South Pond Pesticide 72-55-9 p,p'-DDE 
South Pond Pesticide 50-29-3 p,p'-DDT 
South Pond voc 67-64-1 Acetone 
South Pond voc 156-59-2 cis-1 ,2-Dichloroethylene 
South Pond voc 79-20-9 Methyl Acetate 
South Pond voc 78-93-3 Methyl Ethyl Ketone (2-Butanone) 
South Pond voc 108-88-3 Tolune 
South Pond voc 79-01-6 Trichloroethene 

Notes: 
Shaded constituents indicate chemicals of potential concern. 

1. Minimum/maximum detected concentration. 
2. Maximum detected concentration used as the screening concentration. 
3. Screening value is the residential RSL value 

Screening Value Basis Codes: 
c Cancer endpoint and a target cancer risk of 1 x 1 0 -o 

c* Cancer endpoint where: nc SL < 1 OOX ca SL 
c** Cancer endpoint where nc SL < 1 OX ca SL 
nc non-cancer endpoint and a target hazard quotient of 0.1 

4. The following surrogate values were used for screening: 
Chlordane was used as a surrogate for alpha-Chlordane and gamma-Chlordane. 
Endosulfan was used as a surrogate for alpha-Endosulfan. 
Endrin was used as a surrogate for Endrin ketone 

5. Rationale Codes for selection or exclusion as COPC: 
Selection: 

ASL Above screening level 

Source: 

Minimum Maximum 
Concentration Concentration 

(Qualifier) 1 (Qualifier) 1 Units 

0.0016 15 mg/kg -dry 
0.0029 0.0029 mg/kg -dry 

0.11 22 mQ/kQ -dry 
0.0054 0.0054 mg/kg -dry 

0.086 9.5 mg/kg -dry 
0.0095 j 0.0095 j mg/kg -dry 

0.064 j 0.066 j mQ/kQ -dry 
0.1 2.5 mg/kg -dry 

0.0056 0.034 mg/kg -dry 
0.012 j 0.81 mg/kg -dry 
0.012 j 024 j mQ/kQ -dry 

0.0061 j 0.44 j mg/kg -dry 
0.1 1 mg/kg -dry 

0.049 0.049 mg/kg -dry 
0.011 j 0.054 mQ/kQ -dry 
0.018 0.17 mg/kg -dry 
0.014 0.13 mg/kg -dry 
0.027 0.027 mq/kq -dry 

Definitions: 
CAS 
COPC 
j 

mg/kg 
RSL 

Deletion: 

Chemical Abstract Service 
Chemical of potential concern 
Estimated value(+/- bias) 

Milligram per kilogram 
Regional Screening Level 

BSL Below screening level 

Range of 
Location of Frequency of Detection 
Maximum Detection Limits 

SD-5 11/11 -
SD-4 1/11 0.0028-0.33 
SD-5 11/11 -
SD-4 1/11 0.0055-0.64 
SD-2 11/11 -

SD-10 1/11 0.0048-0.64 
SD-2 2/11 0.0048-0.64 
SD-5 11/11 -
SD-2 4/11 0.0025-0.33 
SD-2 11/11 -
SD-9 8/11 0.041-0.64 
SD-2 8/11 0.041-0.64 
SD-3 11/11 -
SD-4 1/11 0.0082-0.032 
SD-3 2/11 0.0082-0.015 
SD-3 7/11 0.02-0.026 
SD-3 4/11 0.0082-0.015 
SD-4 1/11 0.0082-0.032 

U.S. Environmental Protection Agency (EPA). 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 

Screening 

Value 3
'
4 

Screening (Basis) 
Concentration2 

mg/kg COPC Rationale5 

15 0.04 c* y ASL 

0.0029 470 n N BSL 
22 1,7 c* y ASL 

0.0054 470 n N BSL 
9.5 0.03 c* y ASL 

0.0095 19.0 n N BSL 
0.066 19.0 n N BSL 

2.5 1,7 c* y ASL 
0.034 0.07 c* N BSL 
0.81 2.3 c N BSL 
0.24 2.0 c N BSL 
0.44 1.9 c* N BSL 

1 61000 n N BSL 
0.049 160 n N BSL 
0.054 78000 ns N BSL 
0.17 27000 n N BSL 
0.13 4900 ns N BSL 

0.027 0.94 c** N BSL 
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TABLE 2.4 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN- SURFACE WATER 
DES MOINES TCE SITE, DES MOINES, IOWA 

Exposure Area Analyte Class CAS Number Analyte Name 

South Pond Pesticide 5103-71-9 alpha-Chlordane 
South Pond Pesticide 60-57-1 Dieldrin 
South Pond Pesticide 12789-03-6 gamma-Chlordane 
South Pond voc 67-64-1 Acetone 

Notes: 
Shaded constituents indicate chemicals of potential concern, 

1, Minimum/maximum detected concentration, 
2, Maximum detected concentration used as the screening concentration, 
3, Screening value the lower of the RSL or MCL values 

Screening Value Basis Codes: 
c Cancer endpoint and a target cancer risk of 1 x 1 0 -o 

c* Cancer endpoint where: nc SL < 1 OOX ca SL 
c** Cancer endpoint where nc SL < 1 OX ca SL 
nc non-cancer endpoint and a target hazard quotient of 0,1 

4, The following surrogate values were used for screening: 
Chlordane was used as a surrogate for alpha-Chlordane and gamma-Chlordane, 

5, Rationale Codes for selection or exclusion as COPC: 

Selection: 
ASL Above screening level 

Source: 

Minimum Maximum 
Concentration Concentration 

(Qualifier) 1 

0,054 
0,15 

0,098 
6,5 

Definitions: 
IJg/L 
CAS 
COPC 
MCL 
RSL 

Deletion: 

(Qualifier) 1 

0,11 

026 
0,098 

6,5 

Microgram per liter 
Chemical Abstract Service 
Chemical of potential concern 
Maximum Contaminant Level 
Regional Screening Level 

BSL Below screening level 

Units 

IJg/L 

IJg/L 
IJg/L 

IJQ/L 

Range of 
Location of Frequency of Detection 
Maximum Detection Limits 

SW-1 2/2 -
SW-1 2/2 -
SW-1 1/2 0,00005 
SW-2 1/2 0,005 

U,S, Environmental Protection Agency (EPA), 2016, "Regional Screening Level User's Guide," May, Available on-line at: https://www,epa,gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 

Screening Value 3' 
4 

Screening (Basis) 
Concentration2 

!Jg/L COPC Rationale5 

0,11 0,02 c* y ASL 
0,26 0,002 c y ASL 

0,098 0,02 c* y ASL 
6,5 14000 n N BSL 
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TABLE 2.5 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN- GROUNDWATER 
DES MOINES TCE SITE, DES MOINES, IOWA 

Exposure Area Analyte Class CAS Number Analyte Name 

Groundwater voc 107-06-2 1 ,2-Dichloroethane 
Groundwater voc 156-59-2 1 ,2-Dichloroethylene (total) 
Groundwater voc 79-01-6 Trichloroethene 
Groundwater voc 75-01-4 Vinyl Chloride 

Notes: 
Shaded constituents indicate chemicals of potential concern. 

1. Minimum/maximum detected concentration. 
2. Maximum detected concentration used as the screening concentration. 
3. Screening value the lower of the RSL or MCL values 

Screening Value Basis Codes: 
c Cancer endpoint and a target cancer risk of 1 x 1 0 -o 

c* Cancer endpoint where: nc SL < 1 OOX ca SL 
c** Cancer endpoint where nc SL < 1 OX ca SL 
nc non-cancer endpoint and a target hazard quotient of 0.1 

4. The following surrogate values were used for screening: 
Chlordane was used as a surrogate for alpha-Chlordane and gamma-Chlordane. 

5. Rationale Codes for selection or exclusion as COPC: 
Selection: 

ASL Above screening level 

Source: 

Minimum Maximum 
Concentration Concentration 

(Qualifier) 1 

0.6 
3.9 
0.8 
1.5 

Definitions: 
IJg/L 
CAS 
COPC 
IJg/L 
RSL 

Deletion: 

(Qualifier) 1 

0.6 
71 

480 
3.4 

Microgram per Liter 
Chemical Abstract Service 
Chemical of potential concern 
Microgram per Liter 
Regional Screening Level 

BSL Below screening level 

Location of 

Units Maximum 

IJg/L P-9 

IJg/L ERW-6 

IJQ/L ERW-7 

IJQ/L NW-22 

Range of 
Frequency of Detection Screening 

Detection Limits Concentration2 

1/14 0.5-5 0.6 
11/14 0.5 71 
8/14 0.5 480 
3/14 0.5-5 3.4 

U.S. Environmental Protection Agency (EPA). 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 

Screening 

Value 3
'
4 

(Basis) 
pg/L COPC Rationale5 

0.17 c* y ASL 

36.000 n y ASL 
0.49 c** y ASL 

0 c y ASL 
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TABLE 3.1: EPA RAGS PART D TABLE 3, EXPOSURE POINT CONCENTRATION SUMMARY- SURFACE SOIL 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Current/Future 
Surface Soil 
Surface Soil 

Number of High Maximum Exposure Point Concentration 
Frequency of Censored Results Arithmetic 95 UCL Concentration 

Exposure Point Analvte Class CAS Number Chemical of Potential Concern Detection (a) Mean (b) Distribution (c) laualifier) Value Statistic 

Dico Property Dioxins 1746-01-6 2,3,7,8-TCDD Equivalent 14/16 0 1.19E-05 1.92E-05 N 5.40E-05 1.92E-05 95 UCL 
Dico Property Pesticide 50-29-3 p,p'-DDT 9/17 0 2.49E-01 2.26E+OO NP 3.30E+OO 2.26E+OO 95 UCL 
Dico Property voc 67-66-3 Chloroform 1/38 0 -- -- -- 7.40E-01 7.40E-01 Maximum 
Dico Property voc 156-59-2 cis-1 ,2-Dichloroethylene 4/17 0 1.68E+OO 1.20E+01 G 2.40E+01 1.20E+01 95 UCL 
Dico Property voc 79-01-6 Trichloroethene 9/17 0 2.35E+OO 4.41E+OO N 1.50E+01 4.41E+OO 95 UCL 

Notes: All concentrations in milligrams per kilogram. 
Surface soils are those soils from 0 to 2 feet below ground surface. 
The maximum detected value was selected as the EPC unless the number of samples collected is<:: 10 and the number of detections is<:: 4. If these conditions are met, the EPC is calculated in accordance with EPA 

guidance (2002, 2013). 
Not applicable 
Chemical Abstract Service 
U.S. Environmental Protection Agency 
Exposure point concentration 
Risk Assessment Guidance for Superfund 

CAS 
EPA 
EPC 
RAGS 
95 UCL One-sided 95 percent upper confidence limit of the mean. Following EPA (2002, 2013), this value may be estimated by either a 95, 97.5, or 99 percent UCL depending on sample size, skewness, and degree of censorship. 

a 
b 
c 
d 

References: 

Number of censored (nondetect) results that exceeded the maximum detected concentration. These results are excluded from statistical calculations. 
The arithmetic mean is based on the Kaplan-Meier (KM) mean for chemicals with non-detected values in the dataset. 
Distribution codes as follows: N=Normal, G=Gamma, LN=Lognormal, and NP=Non-parametric 
All methods follow EPA (2002, 2013). 
Method (Statistic) Codes are defined as follows (some method codes may not be used in the table): 

(1) Maximum detected concentration 
(2) 95 percent UCL calculated using Student's t distribution 
(3) 95 percent UCL calculated using the approximate gamma method 
(4) 95 percent UCL calculated using the adjusted gamma method 
(5) 95 percent UCL calculated using the Hall's Bootstrap (or Bootstrap t) method 
(6) 95 percent UCL calculated using the KM mean and a BCa bootstrap to estimate the UCL 
(7) 95 percent UCL calculated using the KM mean and a percentile bootstrap to estimate the UCL 
(8) 95 percent UCL calculated using the KM mean and Student's t cutoff for the UCL 
(9) 95 percent UCL calculated using the KM mean and the nonparametric Chebyshev method to estimate the UCL 
(10) 95 percent UCL calculated using Land's H statistic 
(11) 95 percent UCL calculated using the nonparametric Chebyshev method 
(12) 97.5 percent UCL calculated using the nonparametric Chebyshev method 
(13) 99 percent UCL calculated using the nonparametric Chebyshev method 
(14) 97.5 percent UCL calculated using the KM mean and the nonparametric Chebyshev method to estimate the UCL 
(15) 99 percent UCL calculated using the KM mean and the nonparametric Chebyshev method to estimate the UCL 
(16) 95 percent UCL calculated using the Gamma Adjusted KM method 

U.S. Environmental Protection Agency (EPA). 2002. "Calculating Exposure Point Concentrations at Hazardous Waste Sites." OSWER 9285.6-10. Office of Emergency and Remedial Response. Washington, DC. December. 
EPA. 2015. ProUCL Version 5.1 Technical Guide Statistical Software for Environmental Applications for Data Sets with and without Nondetect Observations. Prepared by Singh, A. and A.K. Singh. EPA/600/R-07/041. October. 
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Method (d) 

(8) 
(15) 
(1) 

(16) 
(8) 
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TABLE 3.2: EPA RAGS PART D TABLE 3, EXPOSURE POINT CONCENTRATION SUMMARY- ALL SOIL 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Future 
All Soils 
All Soils 

Number of High Maximum Exposure Point Concentration 
Frequency of Censored Results Arithmetic 95 UCL Concentration 

Exposure Point Analvte Class CAS Number Chemical of Potential Concern Detection (a) Mean (b) Distribution c) laualifier) Value Statistic 

Dico Property Dioxins 1746-01-6 2,3, 7,8-TCDD Equivalent 14/16 0 1.19E-05 1.92E-05 N 5.40E-05 1.92E-05 95 UCL 
Dico Property Pesticide 50-29-3 p,p'-DDT 15/34 0 1.35E-01 5.75E-01 L 3.30E+OO 5.75E-01 95 UCL 
Dico Property voc 67-66-3 Chloroform 1/34 0 -- -- -- 7.40E-01 7.40E-01 Maximum 
Dico Property voc 156-59-2 cis-1 ,2-Dichloroethylene 5/34 0 8.42E-01 5.14E+OO G 2.40E+01 5.14E+OO 95 UCL 
Dico Property voc 79-01-6 Trichloroethene 14/34 0 1.45E+OO 2.18E+OO G 1.50E+01 2.18E+OO 95 UCL 

Notes: All concentrations in milligrams per kilogram. 
All soils are those soils between 0 and 10 feet below ground surface 
The maximum detected value was selected as the EPC unless the number of samples collected is<:: 10 and the number of detections is<:: 4. If these conditions are met, the EPC is calculated in accordance with EPA 

guidance (2002, 2013). 
Not applicable 
Chemical Abstract Service 
U.S. Environmental Protection Agency 
Exposure point concentration 
Risk Assessment Guidance for Superfund 

CAS 
EPA 
EPC 
RAGS 
95 UCL One-sided 95 percent upper confidence limit of the mean. Following EPA (2002, 2013), this value may be estimated by either a 95, 97.5, or 99 percent UCL depending on sample size, skewness, and degree of censorship. 

a 
b 
c 
d 

References: 

Number of censored (nondetect) results that exceeded the maximum detected concentration. These results are excluded from statistical calculations. 
The arithmetic mean is based on the Kaplan-Meier (KM) mean for chemicals with non-detected values in the dataset. 
Distribution codes as follows: N=Normal, G=Gamma, LN=Lognormal, and NP=Non-parametric 
All methods follow EPA (2002, 2013). 
Method (Statistic) Codes are defined as follows (some method codes may not be used in the table): 

(1) Maximum detected concentration 
(2) 95 percent UCL calculated using Student's t distribution 
(3) 95 percent UCL calculated using the approximate gamma method 
(4) 95 percent UCL calculated using the adjusted gamma method 
(5) 95 percent UCL calculated using the Hall's Bootstrap (or Bootstrap t) method 
(6) 95 percent UCL calculated using the KM mean and a BCa bootstrap to estimate the UCL 
(7) 95 percent UCL calculated using the KM mean and a percentile bootstrap to estimate the UCL 
(8) 95 percent UCL calculated using the KM mean and Student's t cutoff for the UCL 
(9) 95 percent UCL calculated using the KM mean and the nonparametric Chebyshev method to estimate the UCL 

U.S. Environmental Protection Agency (EPA). 2002. "Calculating Exposure Point Concentrations at Hazardous Waste Sites." OSWER 9285.6-10. Office of Emergency and Remedial Response. Washington, DC. December. 

EPA. 2015. ProUCL Version 5.1 Technical Guide Statistical Software for Environmental Applications for Data Sets with and without Nondetect Observations. Prepared by Singh, A. and A.K. Singh. EPA/600/R-07/041. October. 

Page 2 of 7 

Method (d) 

(8) 
(9) 
(1) 
(4) 
(4) 
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TABLE 3.3: EPA RAGS PART D TABLE 3, EXPOSURE POINT CONCENTRATION SUMMARY- SEDIMENT 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Current/Future 
Sediment 
Sediment 

Number of High Maximum Exposure Point Concentration 
Frequency of Censored Results Arithmetic 95 UCL Concentration 

Exposure Point Analvte Class CAS Number Chemical of Potential Concern Detection (a) Mean (b) Distribution c) (qualifier) Value Statistic 

South Pond Pesticide 309-00-2 Aldrin 11/11 0 2.35E+OO 9.04E+OO G 1.50E+01 9.04E+OO 95 UCL 
South Pond Pesticide 5103-71-9 alpha-Chlordane 11/11 0 6.95E-01 1.33E+OO G 2.20E+OO 1.33E+OO 95 UCL 
South Pond Pesticide 60-57-1 Dieldrin 11/11 0 2.38E+OO 6.09E+OO G 9.50E+OO 6.09E+OO 95 UCL 
South Pond Pesticide 12789-03-6 gamma-Chlordane 11/11 0 6.98E-01 1.51E+OO G 2.50E+OO 1.51E+OO 95 UCL 

Notes: All concentrations in milligrams per kilogram. 

The maximum detected value was selected as the EPC unless the number of samples collected is<:: 10 and the number of detections is<:: 4. If these conditions are met, the EPC is calculated in accordance with EPA 

guidance (2002, 2013). 

Not applicable 
Chemical Abstract Service 
U.S. Environmental Protection Agency 
Exposure point concentration 
Risk Assessment Guidance for Superfund 

CAS 
EPA 
EPC 
RAGS 
95 UCL One-sided 95 percent upper confidence limit of the mean. Following EPA (2002, 2013), this value may be estimated by either a 95, 97.5, or 99 percent UCL depending on sample size, skewness, and degree of censorship. 

a 
b 
c 
d 

References: 

Number of censored (nondetect) results that exceeded the maximum detected concentration. These results are excluded from statistical calculations. 
The arithmetic mean is based on the Kaplan-Meier (KM) mean for chemicals with non-detected values in the dataset. 
Distribution codes as follows: N=Normal, G=Gamma, LN=Lognormal, and NP=Non-parametric 
All methods follow EPA (2002, 2013). 

Method (Statistic) Codes are defined as follows (some method codes may not be used in the table): 
(1) Maximum detected concentration 
(2) 95 percent UCL calculated using Student's t distribution 
(3) 95 percent UCL calculated using the approximate gamma method 
(4) 95 percent UCL calculated using the adjusted gamma method 

U.S. Environmental Protection Agency (EPA). 2002. "Calculating Exposure Point Concentrations at Hazardous Waste Sites." OSWER 9285.6-10. Office of Emergency and Remedial Response. Washington, DC. December. 
EPA. 2015. ProUCL Version 5.1 Technical Guide Statistical Software for Environmental Applications for Data Sets with and without Non detect Observations. Prepared by Singh, A. and A.K. Singh. EPA/600/R-07 /041. October. 
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Method (d) 

(4) 
(4) 
(4) 
(4) 
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TABLE 3.4: EPA RAGS PART D TABLE 3, EXPOSURE POINT CONCENTRATION SUMMARY- SURFACE WATER 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Curent/Future 
Medium: Surface Water 
Exposure Medium: Surface Water 

Number of High Maximum Exposure Point Concentration 
Frequency of Censored Results Arithmetic 95 UCL 

Exposure Area Analvte Class CAS Number Chemical of Potential Concern Detection (a) Mean (b) Distribution 

South Pond Pesticide 5103-71-9 alpha-Chlordane 2/2 0 --

South Pond Pesticide 60-57-1 Dieldrin 2/2 0 --

South Pond Pesticide 12789-03-6 gamma-Chlordane 1/2 u --

Notes: All concentrations in micrograms per liter. 

References: 

CAS 
EPA 
EPC 
RAGS 

a 
b 
c 
d 

The maximum detected value was selected as the EPC unless the number of samples collected is<:: 8 and the number of detections is<:: 3. 

If these conditions are met, the EPC is calculated in accordance with EPA guidance (2002, 2013). 
Not applicable 
Chemical Abstract Service 
U.S. Environmental Protection Agency 
Exposure point concentration 
Risk Assessment Guidance for Superfund 

Number of censored (nondetect) results that exceeded the maximum detected concentration. These results are excluded from statistical calculations. 
The arithmetic mean is based on the Kaplan-Meier (KM) mean for chemicals with non-detected values in the dataset. 
Distribution codes as follows: N=Normal, G=Gamma, LN=Lognormal, and NP=Non-parametric 
All methods follow EPA (2002, 2013). 
Method (Statistic) Codes are defined as follows (some method codes may not be used in the table): 

(1) Maximum detected concentration 

--
--
--

Concentration 
c) (qualifier) Value 

-- 1.10E-01 1.1 OE-01 
-- 2.60E-01 2.60E-01 
-- 9.80E-02 ~.15Ut:-UL 

U.S. Environmental Protection Agency (EPA). 2002. "Calculating Exposure Point Concentrations at Hazardous Waste Sites." OSWER 9285.6-10. Office of Emergency and Remedial Response. Washington, DC. December. 
EPA. 2015. ProUCL Version 5.1 Technical Guide Statistical Software for Environmental Applications for Data Sets with and without Nondetect Observations. Prepared by Singh, A. and A.K. Singh. EPA/600/R-07/041. October. 
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Statistic Method (d) 

Maximum (1) 
Maximum (1) 
Maximum ("I) 
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TABLE 3.5: EPA RAGS PART D TABLE 3, EXPOSURE POINT CONCENTRATION SUMMARY- GROUNDWATER 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 

Number of High 
Chemical of Potential Frequency of Censored Results 

Exposure Point Analyte Class CAS Number Concern Detection (a) 
Groundwater voc 107-06-2 1 ,2-Dichloroethane 1/14 2 

Groundwater voc 540-59-0 1 ,2-Dichloroethylene (total) 11/14 0 
Groundwater voc 79-01-6 Trichloroethene 8/14 0 
Groundwater voc 75-01-4 Vinyl Chloride 3/14 L 

Notes: All concentrations in micrograms per liter. 
The maximum detected value was selected as the EPC consistent with EPA guidance (EPA 2014). 
Not applicable 

CAS Chemical Abstract Service 
EPA U.S. Environmental Protection Agency 
RAGS Risk Assessment Guidance for Superfund 

Arithmetic 
Mean (b) 

--
--
--
--

95 UCL 
Distribution (c) 

-- --
-- --
-- --
-- --

a Number of censored (nondetect) results that exceeded the maximum detected concentration. These results are excluded from statistical calculations. 
b The arithmetic mean is based on the Kaplan-Meier (KM) mean for chemicals with non-detected values in the dataset. 
c Distribution codes as follows: N=Normal, G=Gamma, LN=Lognormal, and NP=Non-parametric 
d All methods follow EPA (2002, 2013). 

Method (Statistic) Codes are defined as follows (some method codes may not be used in the table): 
(1) Maximum detected concentration 

References: 
U.S. Environmental Protection Agency (EPA). 2014. "Determining Groundwater Exposure Point Concentrations." OSWER Directive 9283.1-42. February 
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Maximum Exposure Point Concentration 

Concentration 
(qualifier) Value Statistic Method (d) 

6.00E-01 6.00E-01 Maximum (1) 
7.10E+01 7.1 OE+01 Maximum (1) 
4.80E+02 4.80E+02 Maximum (1) 
3.40E+OO ;5.4Ut:+UU Maximum ( 1) 
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TABLE 3.6: EPA RAGS PART D TABLE 3, EXPOSURE POINT CONCENTRATION SUMMARY -INDOOR AIR (VAPOR INTRUSION) 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Exposure Point 

Indoor Air 
Indoor Air 
Indoor Air 
Indoor Air 

Notes: 

!Jg/L 
1Jg/m3 
CAS 
EPA 
RAGS 

References: 

Future 
Groundwater 
Indoor Air 

Analvte Class 

voc 
voc 
voc 
voc 

CAS Number 
107-06-2 

540-59-0 
79-01-6 

75-01-4 

Chemical of Potential 
Concern 

1 ,2-Dichloroethane 
1 ,2-Dichloroethylene (total) 
Trichloroethene 
Vinyl Chloride 

Exposure Point Concentration in Groundwater 

Value Units Statistic 

6.00E-01 !Jg/L Maximum 
7.10E+01 !Jg/L Maximum 
4.80E+02 IJQ/L Maximum 
.5.4ut:+uu !Jg/L Maximum 

The maximum detected value was selected as the groundwater EPC consistent with EPA guidance (EPA 2014). 

Exposure Point Concentration 
in Indoor Air 

Value Units 

1.39E-02 1Jg/m3 
6.15E+OO 1Jg/m3 
9.29E+01 IJQ/m3 
L.OLt:+UU 1Jg/m3 

The EPA's Vapor Intrusion Screening Level Calculator (EPA 2016) was used to calculate the indoor air concentrations based on the groundwater EPCs 
with an average groundwater temperature of 51 degees Fahrenheit (1 0.6 degrees Celsius) (USGS 1925). 

Not applicable 
Micrograms per liter 
Micrograms per cubic meter 
Chemical Abstract Service 
U.S. Environmental Protection Agency 
Risk Assessment Guidance for Superfund 

U.S. Environmental Protection Agency (EPA). 2014. "Determining Groundwater Exposure Point Concentrations." OSWER Directive 9283.1-42. February 

EPA. 2016. Vapor Intrusion Screening Level (VISL) Calculator Version 3.5.1 (May 2016 RSLs). July 11. 
U.S. Geological Survey. 1925. Temperature of water available for industrial use in the United States: Chapter F in Contributions to the hydrology of the United States, 1923-1924. Wat• 

Supply Paper 520-F. 

ED_001521A_00007994-001 00 



TABLE 3.7: EPA RAGS PART D TABLE 3, EXPOSURE POINT CONCENTRATION SUMMARY- TRENCH AIR 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: 
Medium: 
Exposure Medium: 

Future 
Groundwater 
Trench Air 

Exposure Point Concentration in Groundwater 
Exposure Point Concentration 

Exposure Point 

Indoor Air 
Indoor Air 
Indoor Air 
Indoor Air 

Notes: 

!Jg/L 
1Jg/m3 
CAS 
EPA 
RAGS 

References: 

in Indoor Air 
Chemical of Potential 

Analvte Class CAS Number Concern Value Units Statistic Value Units 

voc 107-06-2 1 ,2-Dichloroethane 6.00E-01 !Jg/L Maximum 4.58E+OO 1Jg/m3 
voc 540-59-0 1 ,2-Dichloroethylene (total) 7.1 OE+01 !Jg/L Maximum 5.66E+02 1Jg/m3 
voc 79-01-6 Trichloroethene 4.80E+02 IJQ/L Maximum 3.31 E+03 IJQ/m3 
voc 75-01-4 Vinyl Chloride .5.4ut:+uu !Jg/L Maximum .5.4Lt:+U"I 1Jg/m3 

The maximum detected value was selected as the groundwater EPC consistent with EPA guidance (EPA 2014). 
The Virginia Department of Environmental Quality's Trench Model (VDEQ 2007) was used to calculate the air concentrations in a trench based on the 

groundwater EPCs with an average groundwater temperature of 51 degees Fahrenheit (10.6 degrees Celsius) (USGS 1925). 
Not applicable 
Micrograms per liter 
Micrograms per cubic meter 
Chemical Abstract Service 
U.S. Environmental Protection Agency 
Risk Assessment Guidance for Superfund 

U.S. Environmental Protection Agency (EPA). 2014. "Determining Groundwater Exposure Point Concentrations." OSWER Directive 9283.1-42. February 

EPA. 2016. Vapor Intrusion Screening Level (VISL) Calculator Version 3.5.1 (May 2016 RSLs). July 11. 
U.S. Geological Survey. 1925. Temperature of water available for industrial use in the United States: Chapter F in Contributions to the hydrology of the United States, 1923-1924. We 

Supply Paper 520-F. 

Virginia Department of Environmental Quality. 2007. Exposure-point concentrations (inhalation) for construction/utility workers in a trench: Groundwater less than 15 feet deep. Octot 
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TABLE 4.1.1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

FUTURE CHILD RESIDENT -SOIL 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Surface and Subsurface Soil (All Soil) 

Exposure Medium: Soil, Particulates/Vapors 

Exposure Route 
Receptor 

Receptor Age 
Population 

Incidental Future Child 

Ingestion Resident Age 0-6 

Dermal Future Child 

Resident Age 0-6 

Inhalation Future Child 

Resident Age 0-6 

Exposure Point 

All Soil 

All Soil 

Outdoor Air 

Particulates 

and Vapors 

from Soil 

Parameter Code Parameter Definition 

EPCs Exposure Point Concentration -Soil 

RBA Relative Bioavailability Factor 

IRS Soil Ingestion Rate 

Fl Fractional Intake 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

EPCs Exposure Point Concentration -Soil 

OAF Dermal Absorption Factor 

SA Skin Surface Area 

AF Soil-to-Skin Adherence Factor 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

EPCs Exposure Point Concentration -Soil 

VF Volatilization Factor 

PEF Particulate Emission Factor 

EF Exposure Frequency 

ED Exposure Duration 

ET Exposure Time 

CFt Conversion Factor- Time (1/24) 

ATnc Averaging Time - Noncarcinogens 

Value Units Rationale/ Reference Chronic Daily Intake (CD I)/Chronic Daily Exposure (CDE) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 CD INc (mg/kg-day) = 
200 mg/day EPA, 2016 (1) EPCs x RBA x IRS x Fl x EF x ED x CFs 

1 unitless BPJ (2) BWxATnc 

350 days/year EPA, 2016 (3) 

6 years EPA, 2016 (4) 

1.0E-06 kg/mg --

15 kg EPA, 2016 (5) 

2,190 days EPA, 1989,2016 (6) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 CD INc (mg/kg-day) = 
2,373 cm2 EPA, 2016 (7) EPCs x OAF x SAx AF x EF x ED x CFs 

0.2 mg/cm 2 EPA, 2016 (8) BWxATnc 

350 days/year EPA, 2016 (3) 

6 years EPA, 2016 (4) 

1.0E-06 kg/mg --

15 kg EPA, 2016 (5) 

2,190 days EPA, 1989,2016 (6) 

chemical-specific mg/kg See Table 3 Series 

chemical-specific m3/kg See Table 5.3 CDENc (mg/m 3
) = 

3.11E+10 m3/kg EPA, 2016 (9) EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

350 days/year EPA, 2016 (3) ATnc 

6 years EPA, 2016 (4) 

24 hours/day EPA, 2016 (10) 

0.042 day/hours --

2,190 days EPA, 1989,2016 (6) 

Page 1 of 49 
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TABLE 4.1.1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

FUTURE CHILD RESIDENT -SOIL 

DES MOINES TCE SITE, DES MOINES, IOWA 

Notes: 

(1) IRS: Default soil ingestion rate for children. 

(2) Fl: Assumes 100% of soil ingestion occurs at the Site. 

(3) EF: Default exposure frequency for residents. 

(4) ED: Default exposure duration for child residents. 

(5) BW: Default child body weight. 

(6) ATnc: 365 days/year x 6 year ED; note, carcinogenic effects for residents were evaluated using the more-sensitive aggregate resident receptor only. 

(7) SA: Default skin surface area for children for soil. Weighted average of mean values for head, hands, forearms, lower legs, and feet (male and female, birth to < 6 years). 

(8) AF: Default soil-to-skin adherence factor for children. 

(9) PEF: default PEF value for Lincoln, Nebraska (Climatic Zone 5). 

(10) ET: Default exposure time for residents. 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/IJg Milligrams per microgram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 

Page 2 of 49 
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TABLE 4.1.2.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

FUTURE CHILD RESIDENT- GROUNDWATER 

DES MOINES TCE SITE, DES MOINES, IOWA 

Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater, Vapors 

Exposure Route 
Receptor 

Receptor Age 
Population 

Ingestion Future Child 

Resident Age 0-6 

Dermal Future Child 

Resident Age 0-6 

Inhalation Future Child 

Resident Age 0-6 

Exposure Point 

Groundwater 

Groundwater 

Indoor Air 

Vapors 

(Household Use) 

Parameter Code Parameter Definition 

EPCgw Exposure Point Concentration - Groundwater 

IRgw Tapwater Ingestion Rate 

Fl Fractional Intake 

EF Exposure Frequency 

ED Exposure Duration 

CFw Conversion Factor- Water 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

EPCgw Exposure Point Concentration - Groundwater 

Kp Dermal Permeability Constant 

EF Exposure Frequency 

ED Exposure Duration 

SAgw Skin Surface Area 

ETb Exposure Time - Bathing 

CFw Conversion Factor- Water 

CFv Conversion Factor- Volume 

FA Fraction Absorbed -Water 

tevent Lag Time per Event 

B Ratio of Permeability Coefficient of a Compound through the 

Corneum Relative to its Permeability Coefficient Across the 

Viable Epidermis 

DAevent Absorbed Dose per Event 

t* Time to Reach Steady-State 

EV Event Frequency 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

EPCgw Exposure Point Concentration - Groundwater 

VFw Volatilization Factor, Domestic Use 

EF Exposure Frequency 

ED Exposure Duration 

ET Exposure Time 

CFw Conversion Factor- Water 

CFt Conversion Factor- Time (1/24) 

ATnc Averaging Time - Noncarcinogens 

Page 3 of 49 

Value Units Rationale/ Reference Chronic Daily Intake (CD I)/Chronic Daily Exposure (CDE) 

medium-specific ug/L See Table 3 Series 

0.78 Llday EPA, 2016 (1) CDINc (mg/kg-day) = 
1 unitless BPJ (2) EPCgw x IRgw x Fl x EF xED x CFw 

350 days/year EPA, 2016 (3) BWxATnc 

6 years EPA, 2016 (4) 

1.0E-03 mg/ug --

15 kg EPA, 2016 (5) 

2,190 days EPA, 1989, 2016 (6) 

medium-specific ug/L See Table 3 Series 

chemical-specific em/hour See Table 5.3 For Organics: 

350 days/year EPA, 2016 (3) COl (mg/kg-day) = 
6 years EPA, 2016 (4) EPCgw x FAx K[2 x SAgw x EF xED x DAevent x EV x CFw x CFv 

6,365 cm 2 EPA, 2016 (7) BWxATnc 

0.54 hour/event EPA, 2016 (8) 

1.0E-03 mg/ug -- If ETb < or = t*, then: 

1.0E-03 Llcm 3 -- DAevent = 2 X -f (6 X tevent X ETb )ITT 

chemical-specific unitless See Table 5.3 

chemical-specific hour/event See Table 5.3 If ETb > t*, then: 

chemical-specific unitless See Table 5.3 DAevent = ETb/(1+B) + {2 X tevent X ([1+3B+3B 2]/[1+B]2
)} 

-- -- --

-- -- --

site-specific mg/cm 2-event --

chemical-specific hour See Table 5.3 

1 event/day EPA, 2016 (9) 

15 kg EPA, 2016 (5) 

2,190 days EPA, 1989, 2016 (6) 

medium-specific ug/L See Table 3 Series 

0.5 L!m3 
EPA, 2016 (10) CDE (mg/m 3

) = 
350 days/year EPA, 2016 (3) EPCgw x VFw x EF x ED x ET x CFgw x CFt 

6 years EPA, 2016 (4) ATnc 

24 hour/day EPA, 2016 (11) 

1.0E-03 mg/ug --

0.042 day/hour --

2,190 days EPA, 1989, 2016 (6) 
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EPCia Chemical Concentration in Indoor Air medium-specific ug/m 3 
See Table 3 Series 

Inhalation Future Child Indoor Air EF Exposure Frequency 350 days/year EPA, 2016 (3) CDE (mg/m 3
) = 

Resident Age 0-6 Vapors ED Exposure Duration 6 years EPA, 2016 (4) EPCia x EF x ED x ET x CFt x CFa 

(Vapor Intrusion) 

Notes: 

(1) IRgw: Default water ingestion rate for a child. 

(2) Fl: Assumes all water is consumed from the residence. 

(3) EF: Default exposure frequency for residents. 

(4) ED: Default exposure duration for child residents. 

(5) BW: Default body weight for a child. 

ET Exposure Time 

CFa Conversion Factor- Air 

CFt Conversion Factor- Time (1/24) 

ATnc Averaging Time - Noncarcinogens 

(6) ATnc: 365 days/year x 6 year ED; note, carcinogenic effects for residents were evaluated using the more-sensitive aggregate resident receptor only. 

(7) SAgw: Default skin surface area for a child resident during bathing. 

(8) ETb: Default exposure time for child resident during bathing. 

(9) EV; Default event frequency for bathing. 

(1 0) VFw: Default volatilization factor for domestic use of groundwater. 

(11) ET: Default expsoure time for a resident. 

em/hour 

cm2 

kg 

Llcm3 

Llday 

L!m3 

mg/cm2-event 

mg/ug 

ug/L 

ug/m3 

Sources: 

Not applicable 

Centimeter per hour 

Square centimeter 

Kilogram 

Liter per cubic centimeter 

Liter per day 

Liter per cubic meter 

Milligrams per square centimeter per event 

Milligrams per microgram 

Micorgrams per liter 

Microgram per cubic meter 

24 hour/day EPA, 2016 (11) 

0.001 mg/ug --

0.042 day/hour --

2,190 days EPA, 1989, 2016 (6) 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I- Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 

Page 4 of 49 
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TABLE 4.2.1.RME 
VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE AGGREGATE RESIDENT- SOIL 
DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Surface and Subsurface Soil (All Soil) 

Exposure Medium: Surface and Subsurface Soil, ParticulatesNapors 

Exposure Route 
Receptor 

Receptor Age Exposure Point 
Population 

Incidental Future Resident All Soil 

Ingestion Resident Age 0 to 26 

Dermal Future Resident All Soil 

Resident Age 0 to 26 

Inhalation Future Resident Outdoor Air 

Resident Age 0 to 26 Particulates 

and Vapors 

from Soil 

Parameter Code Parameter Definition 

EPCs Exposure Point Concentration -Soil 

RBA Relative Bioavailability Factor 

IRSadj Age-Adjusted Soil Ingestion Rate 

IRSMadj Mutagenic IRSadj 

Fl Fractional Intake 

EF Exposure Frequency 

CFs Conversion Factor- Soil 

ATe Averaging Time -Carcinogens 

EPCs Exposure Point Concentration -Soil 

OAF Dermal Absorption Factor 

DFSadj Age-Adjusted Dermal Contact Factor- Soil 

DFSMadj Mutagenic DFSadj 

EF Exposure Frequency 

CFs Conversion Factor- Soil 

ATe Averaging Time -Carcinogens 

EPCs Exposure Point Concentration -Soil 

VF Volatilization Factor 

PEF Particulate Emission Factor 

EF Exposure Frequency 

ED Exposure Duration 

EDMadj Mutagenic ED 

ET Exposure Time 

CFa Conversion Factor- Air 

CFt Conversion Factor- Time (1/24) 

ATe Averaging Time -Carcinogens 

Value Units Rationale/ Reference Chronic Daily Intake (CD I)/Chronic Daily Exposure (CDE) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COle (mg/kg-day) = 
105 mg-year/kg-day EPA, 2016 (1) EPCs x RBA x IRS[M]adj x Fl x EF x CFs 

477 mg-year/kg-day EPA, 2016 (2) ATe 

1 unitless BPJ (3) 

350 days/year EPA, 2016 (4) 

1.0E-06 kg/mg --

25,550 days EPA, 1989 and 2016 (5) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COle (mg/kg-day) = 
325 mg-year/kg-day EPA, 2014 (6) EPCs x OAF x DFS[M]adj x EF x CFs 

1379 mg-year/kg-day EPA, 2016 (7) ATe 

350 days/year EPA, 2016 (4) 

1E-06 kg/mg --

25,550 days EPA, 1989 and 2016 (5) 

chemical-specific mg/kg See Table 3 Series 

chemical-specific m3/kg See Table 5.3 CDEe (1Jg/m 3
) = 

3.11E+10 m3/kg EPA, 2016 (8) EPCs x (1/PEF + 1NF) x EF x ED[Madj] x ET x CFt 

350 days/year EPA, 2016 (4) CFa x ATe 

26 years EPA, 2016 (9) 

72 years EPA, 2016 (10) 

24 hours/day EPA, 2016 (11) 

1E-03 mg/IJg --

0.042 day/hour --

25,550 days EPA, 1989 and 2016 (5) 

Page 5 of 49 
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TABLE 4.2.1.RME 
VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE AGGREGATE RESIDENT- SOIL 
DES MOINES TCE SITE, DES MOINES, IOWA 

Notes: 

(1) IRSadj: Consistent with the EPA (2016) RSL User's Guide, age-adjusted soil ingestion rates for aggregate residents were calculated as: 

IRSadj (mg-yearlkg-day) = (ED 0_2 (2 yr) x IRS child (200 mglday) I BW child (15kg))+(ED2_6 (4 yr) x IRS child (200 mglday) I BW child (15kg)) + (ED5-16 (1 0 yr) x IRS adult (1 00 mglday) I BW adult (80kg)) + (ED 16_26 (1 0 yr) x IRS adult (1 00 mglday) I BW adult (80kg)) 

Where: ED= Exposure Duration (years); IRS= Ingestion Rate of Soil (mglday); BW = Body Weight (kg) 

(2) IRSMadj: Consistent with the EPA (2016) RSL User's Guide, age-adjusted soil ingestion rates for mutagens for aggregate residents were calculated as: 

IRSMadj (mg-yearlkg-day) = (ED0-2 (2 yr) x IRSchild (200 mglday) x ADAF0-2 (10)1 BWchild (15kg))+(ED2-6 (4 yr) x IRSchild (200 mglday) x ADAF2-6 (3) I BWchild (15kg)) + (ED6-16 (1 0 yr) x IRSadult (100 mglday) x ADAF6-16 (3) I BWadult (80kg)) + 

(ED16-26 (1 0 yr) x IRSadult (1 00 mglday) x ADAF16-26 (1) I BWadult (80kg)) 

Where: ED= Exposure Duration (years); IRS= Ingestion Rate of Soil (mglday); ADAF =Age-Dependent Adjustment Factor (unitless); BW = Body Weight (kg) 

(3) Fl: Assumes 100% of soil ingestion occurs at the Site. 

(4) EF: Default exposure frequency for residents. 

(5) ATe: Assumes 365 days per year over a 70-year lifetime. Note that non-carcinogenic effects for residents were evaluated using the more-sensitive child receptor. 

(6) DFSadj: Consistent with EPA (2014) User's Guide, age-adjusted dermal contact rates for aggregate residents were calculated as: 

(ED0_2 (2 yr) x SAchild (2,737 cm 2
) x AFchild (0.2 mglcm 2)1 BWchild (15kg))+(ED2-6 (4 yr) x SAchild (2,737 cm 2

) x AFchild (0.2 mglcm 2
) I BWchild (15kg)) + (ED5-16 (1 0 yr) x SAadult (6,032 cm 2

) x AFadult (0.07 mglcm 2
) I BWadult (80kg)) + 

(ED16-26 (10 yr) x SAadult (6,032 cm2) x AFadult (0.07 mglcm2) I BWadult (80kg)) 

Where: ED= Exposure Duration (years); SA= Skin Surface Area (em 2
); AF =Soil-to-skin Adherence Factor (mglcm 2

); BW = Body Weight (kg) 

(7) DFSMadj: Consistent with the EPA (2014) RSL User's Guide, age-adjusted dermal contact rates for mutagens for aggregate residents were calculated as: 

(ED0_2 (2 yr) x SAchild (2,737 cm 2
) x AFchild (0.2 mglcm 2

) x ADAF0_2 (10)1 BWchild (15kg))+(ED2_6 (4 yr) x SAchild (2,737 cm 2
) x AFchild (0.2 mglcm 2

) x ADAF2-5 (3) I BWchild (15kg)) + 

(ED6-16 (1 0 yr) x SAadult (6,032 em 2) x AFadult (0.07 mglcm2) x ADAF6-16 (3) I BWadult (80kg)) + (ED16-26) (10 yr) x SAadult (6,032 em 2
) x AFadult (0.07 mglcm 2

) x ADAF16-26 (1) I BWadult (80kg)) 

Where: ED= Exposure Duration (years); SA= Skin Surface Area (em 2
); AF =Soil-to-skin Adherence Factor (mglcm 2

); ADAF =Age-Dependent Adjustment Factor (unitless); BW =Body Weight (kg) 

(8) PEF: default PEF value for Lincoln, Nebraska (Climatic Zone 5). 

(9) ED: Default exposure duration for residents. 

(10) EDMadj: To account for potential mutagenic effects via inhalation an age-dependent adjustment factor (ADAF) of 10 is applied to the ED for ages 0 to 2, an ADAF of 3 is applied to the ED for ages 2 to 6, 

an ADAF of 3 is applied to the ED for ages 6 to 16, and an ADAF of 1 is applied to the ED for ages 16 to 26 [(2x1 0)+(4x3)+(1 0*3)+(1 0*1 )=72]. 

(11) Default exposure time for residents. 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kglmg Kilogram per milogram 

mgliJg Milligrams per microgram 

m31kg Cubic meter per kilogram 

mglcm 2 
Milligrams per square centimeter 

mglkg Milligrams per kilogram 

mglkg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/54011-891002a. December. 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https:llwww.epa.govlrisklregional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.2.2.RME 
VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE AGGREGATE RESIDENT- GROUNDWATER 
DES MOINES TCE SITE, DES MOINES, IOWA 

Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater, Vapors 

Exposure Route 
Receptor 

Receptor Age 
Population 

Ingestion Future Aggregate Resident 

Resident Age 0 to 26 

Dermal Future Aggregate Resident 

Resident Age 0 to 26 

Inhalation Future Aggregate Resident 

Resident Age 0 to 26 

Exposure Point 

Groundwater 

Groundwater 

Indoor Air 

Vapors 

(Household Use) 

Parameter Code Parameter Definition 

EPCgw Exposure Point Concentration - Groundwater 

IRGWadj Age-Adjusted Tapwater Ingestion Rate 

IRGWMadj Mutagenic IRGWadj 

Fl Fractional Intake 

EF Exposure Frequency 

CFw Conversion Factor- Water 

ATe Averaging Time -Carcinogens 

EPCgw Exposure Point Concentration - Groundwater 

Kp Dermal Permeability Constant 

DFGWadj Age-Adjusted Dermal Contact Factor- Groundwater 

DFGWMadj Mutagenic DFGWadj 

EF Exposure Frequency 

ETbadj Exposure Time-bath 

CFw Conversion Factor- Water 

CFv Conversion Factor- Volume 

FA Fraction Absorbed -Water 

tevent Lag Time per Event 

B Ratio of Permeability Coefficient of a Compound through the 

Corneum Relative to its Permeability Coefficient Across the 

Viable Epidermis 

DAevent Absorbed Dose per Event 

t* Time to Reach Steady-State 

EV Event Frequency 

ATe Averaging Time -Carcinogens 

EPCgw Exposure Point Concentration - Groundwater 

EF Exposure Frequency 

ED Exposure Duration 

EDMadj Mutagenic ED 

ET Exposure Time 

VFw Volatilization factor, Domestic Use 

CFt Conversion Factor- Time (1/24) 

ATe Averaging Time -Carcinogens 

Page 7 of 49 

Value Units Rationale/ Reference Chronic Daily Intake (CDI)/chronic Daily Exposure (CDE) 

medium-specific ug/L See Table 3 Series 

0.94 L-year/kg-day EPA, 2016 (1) COl (mg/kg-day) = 

2.9 L-year/kg-day EPA, 2016 (2) EPCgw x IRGW[M]adj x Fl x EF x CFw 

1 unitless BPJ (3) ATe 

350 days/year EPA, 2016 (4) 

1.0E-03 mg/ug --

25,550 days EPA, 1989 and 2016 (5) 

medium-specific ug/L See Table 3 Series For lnorganics: 

chemical-specific em/hour See Table 5.3 COl (mg/kg-day) = 

7,459 cm2 -year/kg EPA, 2016 (6) 

23,405 cm2 -year/kg EPA, 2016 (7) 

350 days/year EPA, 2016 (4) EPCgw x K[;! x DFGW[M]adj x EF x ET b x CFgw x CFv 

0.67 hour/event EPA, 2016 (8) AT 

1.0E-03 mg/ug -- For Organics: 

1.0E-03 Llcm 3 --

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 

chemical-specific hour/event See Table 5.3 DAevent x EV x EF x DFGW[M]adj 

chemical-specific unitless See Table 5.3 AT 

-- -- -- If ET <or= t*, then: 

-- -- -- DAevent = 2 X FA X Kp X EPCgw X CFv X CFgw X [sqrt (6 X tevent X ET b/pi)] 

site-specific mg/cm 2-event EPA, 2004 If ET > t*, then: 

chemical-specific hour See Table 5.3 DAevent =FAx Kp x EPCgw x CFv x CFgw x [ET b/(1 +B)+ 2 x tevent 

1 event/day EPA, 2004 X ({1 +38+382}/{1 +B} )2)] 

25,550 days EPA, 1989 and 2016 (5) 

See Table 3s ug/L See Table 3 Series 

350 days/year EPA, 2016 (4) CDE (1Jg/m 3
) = 

26 years EPA, 2016 (9) EPCgw x VFw x EF x ED[Madj] xETx CFt 

72 years EPA, 2016 (10) ATe 

24 hour/day EPA, 2016 (11) 

0.5 L!m3 
EPA, 2016 (12) 

0.042 day/hour --

25,550 days EPA, 1989 and 2016 (5) 
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EPCia Chemical Concentration in Indoor Air medium-specific ug/m 3 
See Table 3 Series 

Inhalation Future Resident Indoor Air EF Exposure Frequency 350 days/year EPA, 2016 (4) CDE (1Jg/m 3
) = 

Resident Age 0 to 26 Vapors ED Exposure Duration 26 years EPA, 2016 (2) EPCia x EF x ED[Madj] x ET x CFt 

(Vapor Intrusion) EDMadj Mutagenic ED 72 years EPA, 2016 (1 0) 

ET Exposure Time 24 hours/day EPA, 2016 (11) 

CFt Conversion Factor- Time (1/24) 0.042 day/hour --

ATe Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (5) 

Notes: 

(1) IRGWadj: Consistent with the EPA (2016) RSL User's Guide, an age-adjusted tapwater ingestion rate for aggregate residents calculated as: 

IRGWadj (L-year/kg-day) = (EDo-2 (2 yr) x IRSchild (0.78 Llday) I BW child (15 kg))+(ED2-6 (4 yr) x IRS child (0.78 Llday) I BW child (15 kg))+ (ED6-16 (10 yr) x IRSadult (2.5 Llday) I BW adult (80 kg))+ (ED16-26 (10 yr) x IRS adult (2.5 Llday) I BWadult (80 kg)) 

Where: ED= Exposure Duration (years); IRS= Ingestion Rate of Tap water (Liday); BW =Body Weight (kg) EPA (2016) recommended value for calculating age-adjusted rates. 

(2) IRGWMadj: Consistent with the EPA (2016) RSL User's Guide, an age-adjusted tapwater ingestion rate for mutagens for aggregate residents calculated as: 

ATe 

IRSMadj (mg-year/kg-day) = (EDo-2 (2 yr) x IRSchild (0.78 Llday) x ADAFo-2 (10)/ BWchild (15 kg))+(ED2-6 (4 yr) x IRSchild (0.78 Llday) x ADAF2-6 (3) I BWchild (15 kg))+ (ED6-16 (10 yr) x IRSadult (2.5 Llday) x ADAF6-16 (3) I BWadult (80 kg))+ (ED16-26 (10 yr) x IRSadult (2.5 Llday) x ADAF16-26 (1) I BWadult (80 kg)) 

Where: ED= Exposure Duration (years); IRS= Ingestion Rate of Tap water (Liday); BW =Body Weight (kg) EPA (2016) recommended value for calculating age-adjusted rates; ADAF =Age-Dependent Adjustment Factor (unitless) 

(3) Fl: Assumes 100% of groundwater ingestion occurs at the Site. 

(4) EF: Default exposure frequency for residents. 

(5) ATe: Assumes 365 days per year over a 70-year lifetime. Note that non-carcinogenic effects for residents were evaluated using the more-sensitive child receptor. 

(6) DFGWadj: Consistent with the methodology presented in the EPA (2016) RSL User's Guide, the RME age-adjusted dermal contact rate for residents age 0 to 26 is calculated as: 

DFGWadj (cm2-hr-yr/kg-day) = ((ED0-2 (2 yrs) x SAchild (6,365 cm2) I BWchild (15 kg))+ (ED2-6 (4 yrs) x SAchild (6,365 cm2) I BWchild (15 kg))+ (ED6-16 (10 yrs) x SAadult (19,652 cm2) I BWadult (80 kg))+ (ED16-26 (1 0 yrs) x SAadult (19,652 cm2) I BWadult (80 kg)) 

Where: ED= Exposure Duration (years); SA= Skin Surface Area (em 2); BW = Body Weight (kg) 

(7) DFGWMadj: Consistent with the methodology presented in the EPA (2016) RSL User's Guide, the RME age-adjusted dermal contact rate for mutagens for residents age 0 to 26 is calculated as: 

DFGWMadj (cm 2-hr-yr/kg-day) = ((ED0_2 (2 yrs) x SAchild (6,365 cm 2) x ADAF0_2 (10) I BWchild (15 kg))+ (ED 2_6 (4 yrs) x SAchild (6,365 cm 2) x ADAF2-6 (3) I BWchild (15 kg))+ (ED 6_16 (10 yrs) x 

SAadult (19,652 em 2) x ADAF6-16 (3) I BWadult (80 kg))+ (ED16-26 (10 yrs) x SAadult (19,652 em 2) x ADAF16-26 (1) I BWadult (80 kg) 

Where: ED= Exposure Duration (years); SA= Skin Surface Area (em 2); BW =Body Weight (kg); ADAF =Age-Dependent Adjustment Factor (unitless) 

(8) ETbadj: Consistent with the EPA (2016) RSL User's Guide, the RME age-adjusted exposure time for bathing for residents 0 to 26 years was calculated as: 

ETbadj (yr-hr/day) = (EDo-6 (6 yrs) x ETb-child (0.54 hr/day)) + (ED6-26 (20 yrs) x ETb-adult (0.71 hr))/26 

Where: ED = Exposure Duration (years); ETb = Exposure Time - Bathing (hr/day) 

(9) ED: Default exposure duration for residents. 

(10) EDMadj: To account for potential mutagenic effects via inhalation, age-dependent factors of 10, 3, 3, and 1 were applied to the EDs for ages 0-2, 2-6, 6-16, and 16-26 years, respectively. 

(11) ET: Default resident time. 

(12) VFw: Default volatilization value (Andel man constant [K]) for transfer of volatiles from groundwater to indoor air from domestic use. 

em/hour 

cm2 

kg 

Llcm3 

Llday 

L!m3 

mg/cm2-event 

mg/ug 

ug/L 

ug/m3 

Sources: 

Not applicable 

Centimeter per hour 

Square centimeter 

Kilogram 

Liter per cubic centimeter 

Liter per day 

Liter per cubic meter 

Milligrams per square centimeter per event 

Milligrams per microgram 

Micrograms per liter 

Microgram per cubic meter 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume 1- Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2004. "Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (PartE, Supplemental Guidance for Dermal Risk Assessment)." Final. Office of Superfund Remediation and Technology Innovation. EPA/540/R/99/005. July. 
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EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.3.1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 

FUTURE INDUSTRIAUCOMMERCIAL WORKER 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Surface and Subsurface Soil (All Soil) 

Exposure Medium: Surface and Subsurface Soil, Particulates/Vapors 

Exposure Route 
Receptor 

Receptor Age Exposure Point 
Population 

Incidental Future Adult All Soil 

Ingestion On-Site 

Commercial/ 

Industrial 

Worker 

Dermal Future Adult All Soil 

On-Site 

Commercial/ 

Industrial 

Worker 

Inhalation Future Adult Outdoor Air 

On-Site Particulates 

Commercial/ and Vapors 

Industrial from Soil 

Worker 

Parameter Code Parameter Definition 

EPCs Exposure Point Concentration -Soil 

RBA Relative Bioavailability Factor 

IRS Soil Ingestion Rate 

Fl Fractional Intake 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

EPCs Exposure Point Concentration -Soil 

OAF Dermal Absorption Factor 

SA Skin Surface Area 

AF Soil-to-Skin Adherence Factor 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

EPCs Exposure Point Concentration -Soil 

VF Volatilization Factor 

PEF Particulate Emission Factor 

EF Exposure Frequency 

ED Exposure Duration 

ET Exposure Time 

CFa Conversion Factor- Air 

CFt Conversion Factor- Time (1/24) 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

Value Units Rationale/ Reference Chronic Daily Intake (CD I)/Chronic Daily Exposure (CDE) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
50 mg/day EPA, 2016 (1) EPCs x RBA x IRS x Fl x EF x ED x CFs 

1 unitless BPJ (2) BWxAT 

250 days/year EPA, 2016 (3) 

25 years EPA, 2016 (4) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (5) 

9,125 days EPA, 1989 and 2016 (6) 

25,550 days EPA, 1989 and 2016 (6) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
3,527 cm2 EPA, 2016 (7) EPCs x OAF x SAx AF x EF x ED x CFs 

0.12 mg/cm 2 EPA, 2016 (8) BWxAT 

250 days/year EPA, 2016 (3) 

25 years EPA, 2016 (4) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (5) 

9,125 days EPA, 1989 and 2016 (6) 

25,550 days EPA, 1989 and 2016 (6) 

chemical-specific mg/kg See Table 3 Series 

chemical-specific m3/kg See Table 5.3 CDEc (1Jg/m 3
) = 

3.11E+10 m3/kg EPA, 2016 (9) EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

250 days/year EPA, 2016 (3) CFa x ATe 

25 years EPA, 2016 (4) 

8 hours/day EPA, 2016 (10) CDENc (mg/m 3
) = 

1.0E-03 mg/IJg -- EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

0.042 day/hours -- ATnc 

9,125 days EPA, 1989 and 2016 (6) 

25,550 days EPA, 1989 and 2016 (6) 
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TABLE 4.3.1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 

FUTURE INDUSTRIAUCOMMERCIAL WORKER 

DES MOINES TCE SITE, DES MOINES, IOWA 

Notes: 

(1) IRS: Default soil ingestion rate for indoor workers. 

(2) Fl: Assumes 100% of soil ingestion occurs at the Site. 

(3) EF: Default exposure frequency for indoor workers. 

(4) ED: Default exposure duration for workers. 

(5) BW: Default adult body weight. 

(6) ATe: 365 days/year x 70 year lifetime; ATnc: 365 days/year x 25 year ED. 

(7) SA: Default skin surface area for workers. 

(8) AF: Default soil-to-skin adherence factor for outdoor workers. 

(9) PEF: Default PEF value for Lincoln, Nebraska (Climatic Zone 5). 

(10) ET: Assumes 8 hour work day. 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/IJg Milligrams per microgram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.3.2.RME 
VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE INDUSTRIAUCOMMERCIAL WORKER- GROUNDWATER 
DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater, Vapors 

Exposure Route 
Receptor 

Receptor Age Exposure Point Parameter Code 
Population 

Ingestion Future Adult Groundwater 

On-Site 

Commercial/ 

Industrial 

Worker 

Inhalation Future Adult Indoor Air 

On-Site Vapors 

Commercial/ (Domestic Use) 

Industrial 

Worker 

Inhalation Future Adult Indoor Air 

On-Site Vapors 

Commercial/ (Vapor Intrusion) 

Industrial 

Worker 

Notes: 

(1) IRgw: Default water ingestion rate for worker. 

(2) Fl: Assumes all the water ingested by the worker is from the site. 

(3) EF: Default exposure frequency for indoor workers. 

(4) ED: Default exposure duration for workers. 

(5) BW: Default adult body weight. 

(6) ATe: 365 days/year x 70 year lifetime; ATnc: 365 days/year x 25 year ED. 

(7) ET: Assumes 8-hour work day 

EPCgw 

IRgw 

Fl 

EF 

ED 

CFgw 

BW 

ATnc 

ATe 

EPCgw 

VFw 

EF 

ED 

ET 

CFw 

CFt 

ATnc 

ATe 

EPCia 

EF 

ED 

ET 

CFa 

CFt 

ATnc 

ATe 

Parameter Definition Value Units Rationale/ Reference Chronic Daily Intake (CD I)/Chronic Daily Exposure (CDE) 

Exposure Point Concentration - Groundwater medium-specific ug/L See Table 3 Series 

Groundwater Ingestion Rate 1.25 Llday EPA, 2016 (1) COl (mg/kg-day) = 
Fractional Intake 1 unitless BPJ (2) EPCgw x IRgw x Fl x EF x ED x CFgw 

Exposure Frequency 250 days/year EPA 2016 (3) BWxAT 

Exposure Duration 25 years EPA, 2016 (4) 

Conversion Factor- Groundwater 1.0E-03 mg/ug --

Body Weight 80 kg EPA, 2016 (5) 

Averaging Time - Noncarcinogens 9,125 days EPA, 1989 and 2016 (6) 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Exposure Point Concentration - Groundwater medium-specific ug/L See Table 3 Series 

Volatilization Factor, Domestic Use 0.5 L!m 3 
EPA, 2016 (10) CDE (mg/m 3

) = 
Exposure Frequency 250 days/year EPA 2016 (3) EPCgw x VFw x EF x ED x ET x CFw x CFt 

Exposure Duration 25 years EPA, 2016 (4) ATnc 

Exposure Time 8 hour/day EPA, 2016 (11) 

Conversion Factor- Water 1.0E-03 mg/ug -- CDE (1Jg/m 3
) = 

Conversion Factor- Time (1/24) 0.042 day/hour -- EPCgw x VFw x EF x ED x ET x CFt 

Averaging Time - Noncarcinogens 9,125 days EPA, 1989 and 2016 (6) ATe 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Chemical Concentration in Indoor Air Calculated ug/m 3 
See Table 3 Series CDEc (1Jg/m 3

) = 
Exposure Frequency 250 days/year EPA 2016 (3) EPCia x EF x ED x ET x CFt 

Exposure Duration 25 years EPA, 2016 (4) ATe 

Exposure Time 8 hours/day EPA, 2016 (7) 

Conversion Factor- Air 1.0E-03 mg/IJg -- CDENc (mg/m 3
) = 

Conversion Factor- Time (1/24) 0.042 day/hours -- EPCia x EF x ED x ET x CFa x CFt 

Averaging Time - Noncarcinogens 9,125 days EPA, 1989 and 2016 (4) ATnc 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (4) 
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kg 

Llday 

mg/m 3 

mg/ug 

Sources: 

Kilograms 

Liter per day 

Milligram per cubic meter 

milligram per microgram 

mg/ug 

ug/L 

ug/m 3 

Milligrams per microgram 

Micrograms per liter 

Microgram per cubic meter 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.4.1.RME 
VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE OUTDOOR WORKER -SOIL 
DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Surface and Subsurface Soil (All Soil) 

Exposure Medium: Subsurface Soil, Particulates/Vapors 

Exposure Route 
Receptor 

Receptor Age Exposure Point 
Population 

Incidental Future Adult All Soil 

Ingestion On-Site Outdoor 

Worker 

Dermal Future Adult All Soil 

On-Site Outdoor 

Worker 

Inhalation Future Adult Outdoor Air 

On-Site Outdoor Particulates 

Worker and Vapors 

from Soil 

Parameter Code Parameter Definition 

EPCs Exposure Point Concentration -Soil 

RBA Relative Bioavailability Factor 

IRS Soil Ingestion Rate 

Fl Fractional Intake 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

EPCs Exposure Point Concentration -Soil 

OAF Dermal Absorption Factor 

SA Skin Surface Area 

AF Soil-to-Skin Adherence Factor 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

EPCs Exposure Point Concentration -Soil 

VF Volatilization Factor 

PEF Particulate Emission Factor 

EF Exposure Frequency 

ED Exposure Duration 

ET Exposure Time 

CFa Conversion Factor- Air 

CFt Conversion Factor- Time (1/24) 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

Value Units Rationale/ Reference Chronic Daily Intake (CD I)/Chronic Daily Exposure (CDE) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
100 mg/day EPA, 2016 (1) EPCs x RBA x IRS x Fl x EF x ED x CFs 

1 unitless BPJ (2) BWxAT 

225 days/year EPA, 2016 (3) 

25 years EPA, 2016 (4) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (5) 

9,125 days EPA, 1989 and 2016 (6) 

25,550 days EPA, 1989 and 2016 (6) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
3,527 cm2 EPA, 2014 (7) EPCs x OAF x SAx AF x EF x ED x CFs 

0.12 mg/cm 2 EPA, 2014 (8) BWxAT 

225 days/year EPA, 2016 (3) 

25 years EPA, 2016 (4) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (5) 

9,125 days EPA, 1989 and 2016 (6) 

25,550 days EPA, 1989 and 2016 (6) 

chemical-specific mg/kg See Table 3 Series 

chemical-specific m3/kg See Table 5.3 

3.11E+10 m3/kg EPA, 2016 (9) CDEc (1Jg/m 3
) = 

225 days/year EPA, 2016 (3) EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

25 years EPA, 2016 (4) CFa x ATe 

8 hours/day EPA, 2016 (10) 

1.0E-03 mg/IJg -- CDENc (mg/m 3
) = 

0.042 day/hours -- EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

9,125 days EPA, 1989 and 2016 (6) ATnc 

25,550 days EPA, 1989 and 2016 (6) 
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TABLE 4.4.1.RME 
VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE OUTDOOR WORKER -SOIL 
DES MOINES TCE SITE, DES MOINES, IOWA 

Notes: 

(1) IRS: Recommended soil ingestion rate for outdoor workers. 

(2) Fl: Assumes 100% of soil ingestion occurs at the Site. 

(3) EF: These workers are assumed to be present on-site year round, which corresponds to an EF of 225 days per year. 

(4) ED: Default exposure duration for workers. 

(5) BW: Default adult body weight. 

(6) ATe: 365 days/year x 70 year lifetime; ATnc: 365 days/year x 25 year ED. 

(7) SA: Default skin surface area for workers. 

(8) AF: Default value for outdoor workers. 

(9) PEF: Default PEF value for Lincoln, Nebraska (Climatic Zone 5). 

(10) ET: Assumes 8 hour work day. 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/IJg Milligrams per microgram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.5.1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE CONSTRUCTION/UTILITY WORKER -SOIL 

DES MOINES TCE SITE, DES MOINES, IOWA 

Timeframe: Future 

Medium: Surface and Subsurface Soil (All Soil) 

Exposure Medium: Subsurface Soil, Particulates 

Exposure Route 
Receptor 

Receptor Age 
Population 

Incidental Current/Future Adult 

Ingestion On-Site 

Construction 

Worker 

Dermal Current/Future Adult 

On-Site 

Construction 

Worker 

Inhalation Current/Future Adult 

On-Site 

Construction 

Worker 

Exposure Point 

All Soil 

All Soil 

Outdoor Air 

Particulates 

and Vapors 

from Soil 

Parameter Code Parameter Definition 

EPCs Exposure Point Concentration -Soil 

RBA Relative Bioavailability Factor 

IRS Soil Ingestion Rate 

Fl Fractional Intake 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time - Carcinogens 

EPCs Exposure Point Concentration -Soil 

OAF Dermal Absorption Factor 

SA Skin Surface Area 

AF Soil-to-Skin Adherence Factor 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time - Carcinogens 

EPCs Exposure Point Concentration -Soil 

VF Volatilization Factor 

PEF Particulate Emission Factor 

EF Exposure Frequency 

ED Exposure Duration 

ET Exposure Time 

CFa Conversion Factor- Air 

CFt Conversion Factor- Time (1/24) 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time - Carcinogens 

Value Units Rationale/ Reference Chronic Daily Intake (CDI)/Chronic Daily Exposure (CDE) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
330 mg/day EPA, 2002 and 2016 (1) EPCs x RBA x IRS x Fl x EF x ED x CFs 

1 unitless BPJ (2) BWxAT 

130 days/year BPJ (3) 

1 year EPA, 2016 (4) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (5) 

365 days EPA, 1989 and 2016 (6) 

25,550 days EPA, 1989 and 2016 (6) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
3,527 cm 2 EPA, 2014 (7) EPCs x OAF x SAx AF x EF x ED x CFs 

0.3 mg/cm 2 EPA, 2014 (8) BWxAT 

130 days/year BPJ (3) 

1 year EPA, 2016 (4) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (5) 

365 days EPA, 1989 and 2016 (6) 

25,550 days EPA, 1989 and 2016 (6) 

chemical-specific mg/kg See Table 3 Series 

chemical-specific m3/kg See Table 5.3 

3.11E+10 m3/kg EPA, 2016 (9) CDEc (1Jg/m 3
) = 

130 days/year BPJ (3) EPCs x (1/PEF + 1NF) x EF xED x ET x CFt 

1 year EPA, 2016 (4) CFa x ATe 

8 hours/day EPA, 2016 (1 0) 

1.0E-03 mg/IJg -- CDENc (mg/m 3
) = 

0.042 day/hours -- EPCs x (1/PEF + 1NF) x EF xED x ET x CFt 

365 days EPA, 1989 and 2016 (6) ATnc 

25,550 days EPA, 1989 and 2016 (6) 
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TABLE 4.5.1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE CONSTRUCTION/UTILITY WORKER -SOIL 

DES MOINES TCE SITE, DES MOINES, IOWA 

Notes: 

(1) IRS: Recommended soil ingestion rate for construction workers. 

(2) Fl: Assumes 100% of soil ingestion occurs at the Site. 

(3) EF: Assumes 5 days per week for a 26-week construction project. 

(4) ED: Recommended exposure duration for construction workers. 

(5) BW: Default adult body weight. 

(6) ATe: 365 days/year x 70 year lifetime; ATnc: 365 days/year x 1 year ED. 

(7) SA: Default skin surface area for workers. 

(8) AF: Recommended soil adherence factor for construction workers. 

(9) PEF: Default PEF value for Lincoln, Nebraska (Climatic Zone 5). 

(10) ET: Assumes 8 hour work day. 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/IJg Milligrams per microgram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.5.2.RME 
VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE CONSTRUCTION/UTILITY WORKER- GROUNDWATER 
DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater 

Exposure Route 
Receptor 

Population 

Dermal Future 

On-Site 

Construction 

Worker 

Inhalation Future 

On-Site 

Construction 

Worker 

Receptor Age Exposure Point 

Adult Groundwater 

Adult Outdoor Air 

Vapors 

(Trench) 

Parameter Code 

EPCgw 

Kp 

SA 

EF 

ED 

ET 

EV 

CFw 

CFv 

FA 

t* 

tevent 

B 

BW 

ATnc 

ATe 

CAtrench 

EF 

ED 

ET 

CFa 

CFt 

ATnc 

ATe 

Parameter Definition Value 

Exposure Point Concentration - Groundwater medium-specific 

Dermal Permeability Constant chemical-specific 

Skin Surface Area 2,275 

Exposure Frequency 130 

Exposure Duration 1 

Exposure Time 4 

Events per day 1 

Conversion Factor- Water 1.0E-03 

Conversion Factor- Volume 1.0E-03 

Fraction Absorbed - Water chemical-specific 

Time to Reach Steady-State chemical-specific 

Lag Time chemical-specific 

Ratio of permeability coefficient of a compound chemical-specific 

through the corneum relative to its permeability --

coefficient across the viable epidermis --

Body Weight 80 

Averaging Time - Noncarcinogens 365 

Averaging Time -Carcinogens 25,550 

Chemical Concentration in Trench Calculated 

Exposure Frequency 130 

Exposure Duration 1 

Exposure Time 4 

Conversion Factor- Air 1.0E-03 

Conversion Factor- Time (1/24) 0.042 

Averaging Time - Noncarcinogens 365 

Averaging Time -Carcinogens 25,550 

Page 18 of 49 

Units Rationale/ Reference Chronic Daily Intake (CD I)/Chronic Daily Exposure (CDE) 

ug/L See Table 3 Series For lnorganics: 

em/hour See Table 5.3 COl (mg/kg-day) = 
cm2 EPA 2011 (1) EPCsw x K[2 x SA x EF x ED[Madj] x ET x EV x CFw x CFv 

days/year BPJ (2) BWxAT 

years EPA, 2016 (3) For Organics: 

hours/event VDEQ, 2014 (4) COl (mg/kg-day) = 
events/day PBJ (5) EPCsw x FAx K[2 x SAx EF x ED[Madj] x DAevent x EV x CFw x CFv 

mg/ug -- BWxAT 

Llcm 3 --

unitless See Table 5.3 If ET < or = t*, then: 

hours/event See Table 5.3 DAevent = 2 X -/ (6 X tevent X ET)/TT 

hours/event See Table 5.3 

unitless See Table 5.3 If ET > t*, then: 

-- DAevent = ET/(1 +B)+ {2 X tevent X ([1 +3B+3B 2]/[1 +Bf)} 

--

kg EPA, 2016 (6) 

days EPA, 1989 and 2016 (7) 

days EPA, 1989 and 2016 (7) 

ug/m 3 
See Table 3 Series 

days/year BPJ (2) CDEc (1Jg/m3) = 
years EPA, 2016 (3) CAtrench x EF x ET xED x CFt 

hours/day VDEQ, 2014 (4) ATe 

mg/ug -- CDEnc (mg/m3) = 
day/hours -- CAtrench x EF x ET x ED x CFt x CFa 

days EPA, 1989 and 2016 (7) ATnc 

days EPA, 1989 and 2016 (7) 

ED_001521A_00007994-00119 



Notes: 

(1) SA: Assumes construction workers are exposed to groudnwater to their hands and feet (EPA 2011 ). 

(2) EF: Assumes 5 days per week for a 26-week construction project. 

(3) ED: Recommended exposure duration for construction workers. 

(4) ET: Based on the Virginia Department of Environmental Protection (2014) trench exposure model. 

(5) EV: Assumes one occurrence per day. 

(6) BW: Default body weight for adults. 

(7) ATe: 365 days/year x 70 year lifetime; ATnc: 365 days/year x 1 year ED. 

Not applicable 

em/hour Centimeters per hour 

cm2 Centimeters squared 

kg Kilograms 

Llcm3 Liter per cubic meter 

mg/ug Milligrams per microgram 

ug/L Microgram per liter 

ug/m3 Microgram per cubic meter 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2004. "Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (PartE, Supplemental Guidance for Dermal Risk Assessment)." Final. Office of Superfund Remediation and Technology Innovation. EPA/540/R/99/005. July. 

EPA. 2011. "Exposure Factors Handbook: 2011 Edition." Office of Research and Developmental. EPA/600/R-090/052F. September. Available on-line at: http://www.epa.gov/ncea/efh/pdfs/efh_complete_pdf 

EPA. 2014. "Regional Screening Level User's Guide." November. Available on-line at: http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/usersguide.htm 

Virginia Department of Environmental Quality (VDEQ). 2014. "Voluntary Remediation Program Risk Assessment Guidance." On-line Address: http://www.deq.virginia.gov/Programs/LandProtectionRevitalization/RemediationProgramNoluntaryRemediationProgramNRPRiskAssessmentGuida 
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TABLE 4.6.1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE CHILD RECREATIONAL USER- SOIL 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Surface and Subsurface Soil (All Soil) 

Exposure Medium: Soil, Particulates/Vapors 

Exposure Route 
Receptor 

Receptor Age 
Population 

Incidental Future Child 

Ingestion Recreational Age 0-6 

User 

Dermal Future Child 

Recreational Age 0-6 

User 

Inhalation Future Child 

Recreational Age 0-6 

User 

Exposure Point 

All Soil 

All Soil 

Outdoor Air 

Particulates 

and Vapors 

from Soil 

Parameter Code 

EPCs 

RBA 

IRS 

EF 

ED 

EDMadj 

CFs 

BW 

ATnc 

ATe 

EPCs 

OAF 

SA 

AF 

EF 

ED 

EDMadj 

CFs 

BW 

ATnc 

ATe 

EPCs 

VF 

PEF 

EF 

ED 

EDMadj 

ET 

CFt 

CFa 

ATnc 

ATe 

Parameter Definition Value Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

Exposure Point Concentration -Soil medium-specific mg/kg See Table 3 Series 

Relative Bioavailability Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Soil Ingestion Rate 200 mg/day EPA, 2016 (1) EPCs x RBA x IRS x ED[Madj] x EF x CFs 

Exposure Frequency 134 days/year BPJ (2) BWxAT 

Exposure Duration 6 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 32 years EPA, 2016 (4) 

Conversion Factor- Soil 1.0E-06 kg/mg --

Body Weight 15 kg EPA, 2016 (5) 

Averaging Time - Noncarcinogens 2,190 days EPA, 1989 and 2016 (6) 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Exposure Point Concentration -Soil medium-specific mg/kg See Table 3 Series 

Dermal Absorption Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Skin Surface Area 2,373 cm2 BPJ, EPA 2011 (7) EPCs x OAF x SAx AF x EF x ED[Mad]j x CFs 

Soil-to-Skin Adherence Factor 0.2 mg/cm 2 EPA, 2016 (8) BWxAT 

Exposure Frequency 134 days/year BPJ (2) 

Exposure Duration 6 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 32 years EPA, 2016 (4) 

Conversion Factor- Soil 1.0E-06 kg/mg --

Body Weight 15 kg EPA, 2016 (5) 

Averaging Time - Noncarcinogens 2,190 days EPA, 1989 and 2016 (6) 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Exposure Point Concentration -Soil chemical-specific mg/kg Table 3 Series 

Volatilization Factor chemical-specific m3/kg See Table 5.3 CDENc (mg/m 3
) = 

Particulate Emission Factor 3.11E+10 m3/kg EPA, 2016 (9) EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

Exposure Frequency 134 days/year BPJ (2) ATnc 

Exposure Duration 6 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 32 years EPA, 2016 (4) CDEc (1Jg/m 3
) = 

Exposure Time 3 hours/day BPJ (10) EPCs x (1/PEF + 1/VF) x EF x ED[Madj] x ET x CFt 

Conversion Factor- Time (1/24) 0.042 day/hours -- CFa x ATe 

Conversion Factor- Air 1.0E-03 mg/IJg --

Averaging Time - Noncarcinogens 2,190 days EPA, 1989 and 2016 (6) 

Averaging Time - Noncarcinogens 25,550 days EPA, 1989 and 2016 (6) 
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Notes: 

(1) IRS: Default soil ingestion rate for children. 

(2) EF: Assumed to be 134 days per year based on best professional judgment. Presumably, a child recreational user will visit the Site 1 day per week for 3 months (18 weeks) from mid-November to mid-March (18 total days), 2 days/week for 2 months (9 weeks) from 
mid-September to mid- November and mid-March to mid-May (36 total days), and 5 days/week for 4 months (16 weeks) from mid-May to mid-September (80 total days). 

(3) ED: Default exposure duration for child 0 to 6 years old. 

(4) EDMadj: To account for potential mutagenic effects an age-dependent adjustment factor (ADAF) of 10 is applied to the ED for ages 0 to 2, an ADAF of 3 is applied to the ED for ages 2 to 6 [(2x10)+(4x3)=32]. 

(5) BW: Default child body weight. 

(6) ATnc: 365 days/year x 6 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: Default value for children 0 to 6 years (EPA 2016). 

(8) AF: Default soil-to-skin adherence factor for children. 

(9) PEF: default PEF value for Lincoln, Nebraska (Climatic Zone 5). 

(10) ET: Assumed to be 3 hours per day based on professional judgment 

BPJ Best Professional Judgment 

1Jg/m3 Microgram per cubic meter 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.6.2.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE CHILD RECREATIONAL USER- SURFACE WATER 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Surface Water 

Exposure Medium: Water 

Exposure Route 
Receptor 

Population 

Incidental Future 

Ingestion Recreational 

User 

Dermal Future 

Recreational 

User 

Receptor Age Exposure Point 

Child Surface Water 

Age 0-6 

Child Surface Water 

Age 0-6 

Parameter Code 

EPCsw 

IRsw 

EF 

ED 

EDMadj 

CFw 

BW 

ATnc 

ATe 

EPCsw 

Kp 

SA 

EF 

ED 

EDMadj 

ET 

EV 

CFw 

CFv 

FA 

t* 

tevent 

B 

BW 

ATnc 

ATe 

Parameter Definition Value 

Exposure Point Concentration -Surface Water medium-specific 

Surface water incidental ingestion rate 0.0125 

Exposure Frequency 134 

Exposure Duration 6 

Exposure Duration - Mutagenic age-adjusted 32 

Conversion Factor- Water 1.0E-03 

Body Weight 15 

Averaging Time - Noncarcinogens 2,190 

Averaging Time -Carcinogens 25,550 

Exposure Point Concentration -Surface Water medium-specific 

Dermal Permeability Constant chemical-specific 

Skin Surface Area 1,353 

Exposure Frequency 134 

Exposure Duration 6 

Exposure Duration - Mutagenic age-adjusted 32 

Exposure Time 3 

Events per day 1 

Conversion Factor- Water 1.0E-03 

Conversion Factor- Volume 1.0E-03 

Fraction Absorbed - Water chemical-specific 

Time to Reach Steady-State chemical-specific 

Lag Time chemical-specific 

Ratio of permeability coefficient of a compound chemical-specific 

through the corneum relative to its permeability --

coefficient across the viable epidermis --

Body Weight 15 

Averaging Time - Noncarcinogens 2,190 

Averaging Time -Carcinogens 25,550 
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Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

IJg/L See Table 3 Series 

Llday BPJ (1) COl (mg/kg-day) = 
days/year BPJ (2) EPCsw x IRsw x ED[Madj] x EF x CFw 

years EPA, 2016 (3) BWxAT 

years EPA, 2016 (4) 

mg/ug --

kg EPA, 2016 (5) 

days EPA, 1989 and 2016 (6) 

days EPA, 1989 and 2016 (6) 

IJg/L See Table 3 Series For lnorganics: 

em/hour See Table 5.3 COl (mg/kg-day) = 
cm2 BPJ, EPA 2011 (7) EPCsw x K[2 x SA x EF x ED[Madj] x ET x EV x CFw x CFv 

days/year BPJ (2) BWxAT 

years EPA, 2016 (3) For Organics: 

years EPA, 2016 (4) COl (mg/kg-day) = 

hours/event PBJ (8) EPCsw x FAx K[2 x SAx EF x ED[Madj] x DAevent x EV x CFw x CFv 

events/day PBJ (9) BWxAT 

mg/IJg --

Llcm 3 -- If ET < or = t*, then: 

unitless See Table 5.3 DAevent = 2 X -/ (6 X tevent X ET)/TT 

hours/event See Table 5.3 

hours/event See Table 5.3 If ET > t*, then: 

unitless See Table 5.3 DAevent = ET/(1 +B)+ {2 X tevent X ([1 +3B+3B 2]/[1 +Bf)} 

--

--

kg EPA, 2016 (5) 

days EPA, 1989 and 2016 (6) 

days EPA, 1989 and 2016 (6) 
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Notes: 

(1) IRsw: Assumes an incidental ingestion rate of 0.05 L!day (about 1 ounce) (EPA 2016) on one-fourth of the total days (0.05 L!day x 0.25). 

(2) EF: Assumed to be 134 days per year based on best professional judgment. Presumably, a child recreational user will visit the Site 1 day per week for 3 months (18 weeks) from mid-November to mid-March (18 total days), 2 days/week for 2 months (9 weeks) from 
mid-September to mid- November and mid-March to mid-May (36 total days), and 5 days/week for 4 months (16 weeks) from mid-May to mid-September (80 total days). 

(3) ED: Default exposure duration for child 0 to 6 years old. 

(4) EDMadj: To account for potential mutagenic effects an age-dependent adjustment factor (ADAF) of 10 is applied to the ED for ages 0 to 2, an ADAF of 3 is applied to the ED for ages 2 to 6 [(2x10)+(4x3)=32]. 

(5) BW: Default child body weight. 

(6) ATnc: 365 days/year x 6 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: Skin surface area of 1 ,353 em 2 represents the average surface area of hands, feet, and lower legs for children 0 to 6 years (EPA 2011 ). 

(8) ET: Assumed to be 3 hours per day based on professional judgment. 

(9) EV: Assumed 1 event occurs per day. 

em/hour Centimeter per hour 

cm 2 
Square centimeter 

kg Kilogram 

Llcm 3 
Liter per cubic centimeter 

Llday Liter per day 

mg/!Jg Milligrams per microgram 

!Jg/L Micrograms per liter 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.6.3.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE CHILD RECREATIONAL USER- SEDIMENT 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Sediment 

Exposure Medium: Sediment 

Exposure Route 
Receptor 

Population 

Ingestion Future 

Recreational 

User 

Dermal Future 

Recreational 

User 

Receptor Age Exposure Point 

Child Sediment 

Age 0-6 

Child Sediment 

Age 0-6 

Parameter Code 

EPCsed 

RBA 

IRsed 

EF 

ED 

EDMadj 

BW 

CFs 

ATnc 

ATe 

EPCs 

OAF 

SA sed 

AF 

EF 

ED 

EDMadj 

CFs 

BW 

ATnc 

ATe 

Parameter Definition Value Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

Exposure Point Concentration -Sediment medium-specific mg/kg See Table 3 Series 

Relative Bioavailability Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Sediment Ingestion Rate 200 mg/day EPA, 2016 (1) EPCsed x RBA x IRsed x ED[Madj] x EF x CFs 

Exposure Frequency 134 days/year BPJ (2) BWxAT 

Exposure Duration 6 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 32 years EPA, 2016 (4) 

Body Weight 15 kg EPA, 2016 (5) 

Conversion Factor- Sediment 1.0E-06 kg/mg --

Averaging Time - Noncarcinogens 2,190 days EPA, 1989 and 2016 (6) 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Exposure Point Concentration -Sediment medium-specific mg/kg See Table 3 Series 

Dermal Absorption Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Skin Surface Area 723 cm2 BPJ, EPA 2011 (7) EPCs x OAF x SAx AF x EF x ED[Mad]j x CFs 

Soil-to-Skin Adherence Factor 0.3 mg/cm 2 EPA, 2016 (8) BWxAT 

Exposure Frequency 134 days/year BPJ (2) 

Exposure Duration 6 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 32 years EPA, 2016 (4) 

Conversion Factor- Sediment 1.0E-06 kg/mg --

Body Weight 15 kg EPA, 2016 (5) 

Averaging Time - Noncarcinogens 2,190 days EPA, 1989 and 2016 (6) 

Averaging Time - Noncarcinogens 25,550 days EPA, 1989 and 2016 (6) 
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Notes: 

(1) IRS: Default soil ingestion rate for children. 

(2) EF: Assumed to be 134 days per year based on best professional judgment. Presumably, a child recreational user will visit the Site 1 day per week for 3 months (18 weeks) from mid-November to mid-March (18 total days), 2 days/week for 2 months (9 weeks) from 
mid-September to mid- November and mid-March to mid-May (36 total days), and 5 days/week for 4 months (16 weeks) from mid-May to mid-September (80 total days). 

(3) ED: Default exposure duration for child 0 to 6 years old. 

(4) EDMadj: To account for potential mutagenic effects an age-dependent adjustment factor (ADAF) of 10 is applied to the ED for ages 0 to 2, an ADAF of 3 is applied to the ED for ages 2 to 6 [(2x10)+(4x3)=32]. 

(5) BW: Default child body weight. 

(6) ATnc: 365 days/year x 6 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: Skin surface area of 723 em 2 represents the average surface area of hands and feet for children 0 to 6 years (EPA 2011 ). 

(8) AF: Soil-to-skin adherence factor for reed gatherer (EPA 2004). 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2004. RAGS, Volume I- Human Health Evaluation Manual (PartE, Supplemental Guidance for Dermal Risk Assessment). Final. Office of Superfund Remediation and Technology Innovation. Washington, DC. OSWER Directive 9285.7-02. EPA/540/R/99/005. July. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.7.1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE ADOLESCENT RECREATIONAL USER- SOIL 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Surface and Subsurface Soil (All Soil) 

Exposure Medium: Soil, Particulates/Vapors 

Exposure Route 
Receptor 

Receptor Age 
Population 

Incidental Future Adolescent 

Ingestion Recreational Age 6-16 

User 

Dermal Future Adolescent 

Recreational Age 6-16 

User 

Inhalation Future Adolescent 

Recreational Age 6-16 

User 

Exposure Point 

All Soil 

All Soil 

Outdoor Air 

Particulates 

and Vapors 

from Soil 

Parameter Code 

EPCs 

RBA 

IRS 

EF 

ED 

EDMadj 

BW 

CFs 

ATnc 

ATe 

EPCs 

OAF 

SA 

AF 

EF 

ED 

EDMadj 

CFs 

BW 

ATnc 

ATe 

EPCs 

VF 

PEF 

EF 

ED 

EDMadj 

ET 

CFt 

CFa 

ATnc 

ATe 

Parameter Definition Value Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

Exposure Point Concentration -Soil medium-specific mg/kg See Table 3 Series 

Relative Bioavailability Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Soil Ingestion Rate 100 mg/day EPA, 2016 (1) EPCs x RBA x IRS x ED[Madj] x EF x CFs 

Exposure Frequency 134 days/year BPJ (2) BWxAT 

Exposure Duration 10 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 30 years EPA, 2016 (4) 

Body Weight 45 kg EPA, 2014 (5) 

Conversion Factor- Soil 1.0E-06 kg/mg --

Averaging Time - Noncarcinogens 3,650 days EPA, 1989 and 2016 (6) 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Exposure Point Concentration -Soil medium-specific mg/kg See Table 3 Series 

Dermal Absorption Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Skin Surface Area 4,520 cm2 EPA, 2004 and 2011 (7) EPCs x OAF x SAx AF x EF x ED[Mad]j x CFs 

Soil-to-Skin Adherence Factor 0.07 mg/cm 2 EPA, 2016 (8) BWxAT 

Exposure Frequency 134 days/year BPJ (2) 

Exposure Duration 10 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 30 years EPA, 2016 (4) 

Conversion Factor- Soil 1.0E-06 kg/mg --

Body Weight 45 kg EPA, 2014 (5) 

Averaging Time - Noncarcinogens 3,650 days EPA, 1989 and 2016 (6) 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Exposure Point Concentration -Soil chemical-specific mg/kg Table 3 Series 

Volatilization Factor chemical-specific m3/kg See Table 5.3 CDENc (mg/m 3
) = 

Particulate Emission Factor 3.11E+10 m3/kg EPA, 2016 (9) EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

Exposure Frequency 134 days/year BPJ (2) ATnc 

Exposure Duration 10 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 30 years EPA, 2016 (4) CDEc (1Jg/m3) = 
Exposure Time 3 hours/day BPJ (10) EPCs x (1/PEF + 1/VF) x EF x ED[Madj] x ET x CFt 

Conversion Factor- Time (1/24) 0.042 day/hours -- CFa x ATe 

Conversion Factor- Air 1.0E-03 mg/IJg --

Averaging Time - Noncarcinogens 3,650 days EPA, 1989 and 2016 (6) 

Averaging Time - Noncarcinogens 25,550 days EPA, 1989 and 2016 (6) 
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Notes: 

(1) IRS: Default soil ingestion rate for adults. 

(2) EF: Assumed to be 134 days per year based on best professional judgment. Presumably, a recreational user will visit the Site 1 day per week for 3 months (18 weeks) from mid-November to mid-March (18 total days), 2 days/week for 2 months (9 weeks) from 
mid-September to mid- November and mid-March to mid-May (36 total days), and 5 days/week for 4 months (16 weeks) from mid-May to mid-September (80 total days). 

(3) ED: Exposure duration for child 7 to 16 years old. 

(4) EDMadj: To account for potential mutagenic effects an age-dependent adjustment factor (ADAF) of 3 is applied to the ED for ages 7 to 16 [(3x1 0)=30]. 

(5) BW: Adolescent body weight. 

(6) ATnc: 365 days/year x 10 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: Skin surface area of 4,520 em 2 is the resident skin area for age segment 6-16 (EPA 2011 ). 

(8) AF: Default soil-to-skin adherence factor for adults. 

(9) PEF: default PEF value for Lincoln, Nebraska (Climatic Zone 5). 

(10) ET: Assumed to be 3 hours per day based on professional judgment 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2014. Region 4 Human Health Risk Assessment Supplemental Guidance. January. Available on-line at: http://www.epa.gov/region04/superfund/programs/riskassess/riskassess.html 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.7.2.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE ADOLESCENT RECREATIONAL USER- SURFACE WATER 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Surface Water 

Exposure Medium: Water 

Exposure Route 
Receptor 

Population 

Incidental Future 

Ingestion Recreational 

User 

Dermal Future 

Recreational 

User 

Receptor Age Exposure Point 

Adolescent Surface Water 

Age 6-16 

Adolescent Surface Water 

Age 6-16 

Parameter Code 

EPCsw 

IRsw 

EF 

ED 

EDMadj 

BW 

CFw 

ATnc 

ATe 

EPCsw 

Kp 

SA 

EF 

ED 

EDMadj 

ET 

EV 

CFw 

CFv 

FA 

t* 

tevent 

B 

BW 

ATnc 

ATe 

Parameter Definition Value 

Exposure Point Concentration -Surface Water medium-specific 

Surface water incidental ingestion rate 0.0125 

Exposure Frequency 134 

Exposure Duration 10 

Exposure Duration - Mutagenic age-adjusted 30 

Body Weight 45 

Conversion Factor- Water 1.0E-03 

Averaging Time - Noncarcinogens 3,650 

Averaging Time -Carcinogens 25,550 

Exposure Point Concentration -Surface Water medium-specific 

Dermal Permeability Constant chemical-specific 

Skin Surface Area 3,093 

Exposure Frequency 134 

Exposure Duration 10 

Exposure Duration - Mutagenic age-adjusted 30 

Exposure Time 3 

Events per day 1 

Conversion Factor- Water 1.0E-03 

Conversion Factor- Volume 1.0E-03 

Fraction Absorbed - Water chemical-specific 

Time to Reach Steady-State chemical-specific 

Lag Time chemical-specific 

Ratio of permeability coefficient of a compound chemical-specific 

through the corneum relative to its permeability --

coefficient across the viable epidermis --

Body Weight 45 

Averaging Time - Noncarcinogens 3,650 

Averaging Time -Carcinogens 25,550 
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Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

ug/L See Table 3 Series 

Llday BPJ (1) COl (mg/kg-day) = 
days/year BPJ (2) EPCs x IRsw x ED[Madj] x EF x CFw 

years EPA, 2016 (3) BWxAT 

years EPA, 2016 (4) 

kg EPA, 2014 (5) 

mg/ug --

days EPA, 1989 and 2016 (6) 

days EPA, 1989 and 2016 (6) 

ug/L See Table 3 Series For lnorganics: 

em/hour See Table 5.3 COl (mg/kg-day) = 
cm2 BPJ, EPA 2011 (7) EPCsw x K[;! x SA x EF x ED[Madj] x ET x EV x CFw x CFv 

days/year BPJ (2) BWxAT 

years EPA, 2016 (3) For Organics: 

years EPA, 2016 (4) COl (mg/kg-day) = 

hours/event PBJ (8) EPCsw x FAx K[;! x SAx EF x ED[Madj] x DAevent x EV x CFw x CFv 

events/day PBJ (9) BWxAT 

mg/ug --

Llcm 3 -- If ET < or = t*, then: 

unitless See Table 5.3 DAevent = 2 X -/ (6 X tevent X ET)/TT 

hours/event See Table 5.3 

hours/event See Table 5.3 If ET > t*, then: 

unitless See Table 5.3 DAevent = ET/(1 +B)+ {2 X tevent X ([1 +3B+3B 2]/[1 +Bf)} 

--

--

kg EPA, 2014 (5) 

days EPA, 1989 and 2016 (6) 

days EPA, 1989 and 2016 (6) 
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Notes: 

(1) IRsw: Assumes an incidental ingestion rate of 0.05 L!day (about 1 ounce) (EPA 2016) on one-fourth of the total days (0.05 L!day x 0.25) 

(2) EF: Assumed to be 134 days per year based on best professional judgment. Presumably, a child recreational user will visit the Site 1 day per week for 3 months (18 weeks) from mid-November to mid-March (18 total days), 2 days/week for 2 months (9 weeks) from 
mid-September to mid- November and mid-March to mid-May (36 total days), and 5 days/week for 4 months (16 weeks) from mid-May to mid-September (80 total days). 

(3) ED: Exposure duration for child 7 to 16 years old. 

(4) EDMadj: To account for potential mutagenic effects an age-dependent adjustment factor (ADAF) of 3 is applied to the ED for ages 7 to 16 [(3x1 0)=30]. 

(5) BW: Default child body weight. 

(6) ATnc: 365 days/year x 10 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: Skin surface area of 3,093 em 2 represents the average surface area of hands, feet, and lower legs for children 7 to 16 years (EPA 2011 ). 

(8) ET: Assumed to be 3 hours per day based on professional judgment 

(9) EV: Assumed 1 event occurs per day. 

em/hour Centimeter per hour 

cm 2 
Square centimeter 

kg Kilogram 

Llcm 3 
Liter per cubic centimeter 

Llday Liter per day 

mg/!Jg Milligrams per microgram 

!Jg/L Micrograms per liter 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2014. Region 4 Human Health Risk Assessment Supplemental Guidance. January. Available on-line at: http://www.epa.gov/region04/superfund/programs/riskassess/riskassess.html 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.7.3.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE ADOLESCENT RECREATIONAL USER- SEDIMENT 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Sediment 

Exposure Medium: Sediment, Particulates/Vapors 

Exposure Route 
Receptor 

Receptor Age 
Population 

Incidental Future Adolescent 

Ingestion Recreational Age 6-16 

User 

Dermal Future Adolescent 

Recreational Age 6-16 

User 

Exposure Point Parameter Code 

EPCsed 

Sediment RBA 

IRsed 

EF 

ED 

EDMadj 

BW 

CFs 

ATnc 

ATe 

EPCs 

Sediment OAF 

SA 

AF 

EF 

ED 

EDMadj 

CFs 

BW 

ATnc 

ATe 

Parameter Definition Value Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

Exposure Point Concentration -Sediment medium-specific mg/kg See Table 3 Series 

Relative Bioavailability Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Sediment Ingestion Rate 100 mg/day EPA, 2016 (1) EPCsed x RBA x IRsed x ED[Madj] x EF x CFs 

Exposure Frequency 134 days/year BPJ (2) BWxAT 

Exposure Duration 10 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 30 years EPA, 2016 (4) 

Body Weight 45 kg EPA, 2014 (5) 

Conversion Factor- Sediment 1.0E-06 kg/mg --

Averaging Time - Noncarcinogens 3,650 days EPA, 1989 and 2016 (6) 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Exposure Point Concentration -Soil medium-specific mg/kg See Table 3 Series 

Dermal Absorption Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Skin Surface Area 1,505 cm2 EPA 2011 (7) EPCs x OAF x SAx AF x EF x ED[Mad]j x CFs 

Soil-to-Skin Adherence Factor 0.3 mg/cm 2 EPA, 2016 (8) BWxAT 

Exposure Frequency 134 days/year BPJ (2) 

Exposure Duration 10 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 30 years EPA, 2016 (4) 

Conversion Factor- Sediment 1.0E-06 kg/mg --

Body Weight 45 kg EPA, 2014 (5) 

Averaging Time - Noncarcinogens 3,650 days EPA, 1989 and 2016 (6) 

Averaging Time - Noncarcinogens 25,550 days EPA, 1989 and 2016 (6) 
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Notes: 

(1) IRS: Default soil ingestion rate for adults. 

(2) EF: Assumed to be 134 days per year based on best professional judgment. Presumably, a recreational user will visit the Site 1 day per week for 3 months (18 weeks) from mid-November to mid-March (18 total days), 2 days/week for 2 months (9 weeks) from 
mid-September to mid- November and mid-March to mid-May (36 total days), and 5 days/week for 4 months (16 weeks) from mid-May to mid-September (80 total days). 

(3) ED: Exposure duration for child 7 to 16 years old. 

(4) EDMadj: To account for potential mutagenic effects an age-dependent adjustment factor (ADAF) of 3 is applied to the ED for ages 7 to 16 [(3x1 0)=30]. 

(5) BW: Adolescent body weight. 

(6) ATnc: 365 days/year x 10 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: Skin surface area of 1 ,505 em 2 represents the average surface area of hands and feet for children 6 to 16 years (EPA 2011 ). 

(8) AF: Soil-to-skin adherence factor for reed gatherer (EPA 2004). 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2004. RAGS, Volume I- Human Health Evaluation Manual (PartE, Supplemental Guidance for Dermal Risk Assessment). Final. Office of Superfund Remediation and Technology Innovation. Washington, DC. OSWER Directive 9285.7-02. EPA/540/R/99/005. July. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2014. Region 4 Human Health Risk Assessment Supplemental Guidance. January. Available on-line at: http://www.epa.gov/region04/superfund/programs/riskassess/riskassess.html 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.8.1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE ADULT RECREATIONAL USER- SOIL 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Surface and Subsurface Soil (All Soil) 

Exposure Medium: Soil, Particulates/Vapors 

Exposure Route 
Receptor 

Receptor Age 
Population 

Incidental Future Adult 

Ingestion Recreational > 16 years 

User 

Dermal Future Adult 

Recreational > 16 years 

User 

Inhalation Future Adult 

Recreational > 16 years 

User 

Exposure Point 

All Soil 

All Soil 

Outdoor Air 

Particulates 

and Vapors 

from Soil 

Parameter Code Parameter Definition 

EPCs Exposure Point Concentration -Soil 

RBA Relative Bioavailability Factor 

IRS Soil Ingestion Rate 

EF Exposure Frequency 

ED Exposure Duration 

BW Body Weight 

CFs Conversion Factor- Soil 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

EPCs Exposure Point Concentration -Soil 

OAF Dermal Absorption Factor 

SA Skin Surface Area 

AF Soil-to-Skin Adherence Factor 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

EPCs Exposure Point Concentration -Soil 

VF Volatilization Factor 

PEF Particulate Emission Factor 

EF Exposure Frequency 

ED Exposure Duration 

ET Exposure Time 

CFt Conversion Factor- Time (1/24) 

CFa Conversion Factor- Air 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time - Noncarcinogens 

Value Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
100 mg/day EPA, 2016 (1) EPCs x RBA x IRS x ED x EF x CFs 

74 days/year BPJ (2) BWxAT 

20 years EPA, 2016 (3) 

80 kg EPA, 2016 (4) 

1.0E-06 kg/mg --

7,300 days EPA, 1989 and 2016 (5) 

25,550 days EPA, 1989 and 2016 (5) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
6,032 cm2 EPA, 2016 (6) EPCs x OAF x SAx AF x EF x ED x CFs 

0.07 mg/cm 2 EPA, 2016 (7) BWxAT 

74 days/year BPJ (2) 

20 years EPA, 2016 (3) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (4) 

7,300 days EPA, 1989 and 2016 (5) 

25,550 days EPA, 1989 and 2016 (5) 

chemical-specific mg/kg Table 3 Series 

chemical-specific m3/kg See Table 5.3 CDENc (mg/m 3
) = 

3.11E+10 m3/kg EPA, 2016 (8) EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

74 days/year BPJ (2) ATnc 

20 years EPA, 2016 (3) 

3 hours/day BPJ (9) CDEc (1Jg/m3) = 
0.042 day/hours -- EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

1.0E-03 mg/IJg -- CFa x ATe 

7,300 days EPA, 1989 and 2016 (5) 

25,550 days EPA, 1989 and 2016 (5) 
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Notes: 

(1) IRS: Default soil ingestion rate for adults. 

(2) EF: The adult recreational user is assumed to visit the Site 1 day/week for 7 months (30 weeks) from mid-October to mid-May (30 total days), and 2 days/week for 5 months (22 weeks) from mid-May through mid-October (44 total days). 

(3) ED: Default exposure duration for adult residents. 

(4) BW: Default adult body weight. 

(5) ATnc: 365 days/year x 20 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(6) SA: Skin surface area of 6,032 em 2 is the default value for the adult resident/recreator surface area soil. 

(7) AF: Default soil-to-skin adherence factor for adults. 

(8) PEF: default PEF value for Lincoln, Nebraska (Climatic Zone 5). 

(9) ET: Assumed to be 3 hours per day based on professional judgment 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.8.2.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE ADULT RECREATIONAL USER- SURFACE WATER 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Surface Water 

Exposure Medium: Water 

Exposure Route 
Receptor 

Population 

Incidental Future 

Ingestion Recreational 

User 

Dermal Future 

Recreational 

User 

Receptor Age Exposure Point 

Adult Surface Water 

> 16 years 

Adult Surface Water 

> 16 years 

Parameter Code 

EPCsw 

IRsw 

EF 

ED 

BW 

CFw 

ATnc 

ATe 

EPCsw 

Kp 

SA 

EF 

ED 

ET 

EV 

CFw 

CFv 

FA 

t* 

tevent 

B 

BW 

ATnc 

ATe 

Parameter Definition Value 

Exposure Point Concentration -Surface Water medium-specific 

Surface water incidental ingestion rate 0.0125 

Exposure Frequency 74 

Exposure Duration 20 

Body Weight 80 

Conversion Factor- Water 1.0E-03 

Averaging Time - Noncarcinogens 7,300 

Averaging Time -Carcinogens 25,550 

Exposure Point Concentration -Surface Water medium-specific 

Dermal Permeability Constant chemical-specific 

Skin Surface Area 4,835 

Exposure Frequency 74 

Exposure Duration 20 

Exposure Time 3 

Events per day 1 

Conversion Factor- Water 1.0E-03 

Conversion Factor- Volume 1.0E-03 

Fraction Absorbed - Water chemical-specific 

Time to Reach Steady-State chemical-specific 

Lag Time chemical-specific 

Ratio of permeability coefficient of a compound chemical-specific 

through the corneum relative to its permeability --

coefficient across the viable epidermis --

Body Weight 80 

Averaging Time - Noncarcinogens 7,300 

Averaging Time -Carcinogens 25,550 

Page 34 of 49 

Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

ug/L See Table 3 Series 

Llday BPJ (1) COl (mg/kg-day) = 
days/year BPJ (2) EPCs x IRsw[Madj] x ED x EF x CFw 

years EPA, 2016 (3) BWxAT 

kg EPA, 2016 (5) 

mg/ug --

days EPA, 1989 and 2016 (6) 

days EPA, 1989 and 2016 (6) 

ug/L See Table 3 Series For lnorganics: 

em/hour See Table 5.3 COl (mg/kg-day) = 
cm2 EPA 2011 (7) EPCsw x K[;! x SA x EF x ED[Madj] x ET x EV x CFw x CFv 

days/year BPJ (2) BWxAT 

years EPA, 2016 (3) For Organics: 

hours/event PBJ (8) COl (mg/kg-day) = 
events/day PBJ (9) EPCsw x FAx K[;! x SAx EF x ED[Madj] x DAevent x EV x CFw x CFv 

mg/ug -- BWxAT 

Llcm 3 --

unitless See Table 5.3 If ET < or = t*, then: 

hours/event See Table 5.3 DAevent = 2 X -/ (6 X tevent X ET)/TT 

hours/event See Table 5.3 

unitless See Table 5.3 If ET > t*, then: 

-- DAevent = ET/(1 +B)+ {2 X tevent X ([1 +3B+3B 2]/[1 +Bf)} 

--

kg EPA, 2016 (5) 

days EPA, 1989 and 2016 (6) 

days EPA, 1989 and 2016 (6) 
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Notes: 

(1) IRsw: Assumes an incidental ingestion rate of 0.05 L!day (about 1 ounce) (EPA 2016) on one-fourth of the total days (0.05 L!day x 0.25) 

(2) EF: The adult recreational user is assumed to visit the Site 1 day/week for 7 months (30 weeks) from mid-October to mid-May (30 total days), and 2 days/week for 5 months (22 weeks) from mid-May through mid-October (44 total days). 

(3) ED: Default exposure duration for child 0 to 6 years old. 

(4) BW: Default adult body weight. 

(5) ATnc: 365 days/year x 20 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: Skin surface area of 4,835 em 2 represents the average surface area of hands, feet, and lower legs of adults (EPA 2011 ). 

(8) ET: Assumed to be 3 hours per day based on professional judgment 

(9) EV: Assumed 1 event occurs per day. 

Sources: 

Microgram per cubic meter 

milligrams per microgram 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.8.3.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
FUTURE ADULT RECREATIONAL USER- SEDIMENT 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Future 

Medium: Sediment 

Exposure Medium: Sediment, Particulates/Vapors 

Exposure Route 
Receptor 

Receptor Age 
Population 

Incidental Future Adult 

Ingestion Recreational > 16 years 

User 

Dermal Future Adult 

Recreational > 16 years 

User 

Exposure Point 

Sediment 

Sediment 

Parameter Code Parameter Definition 

EPCsed Exposure Point Concentration -Sediment 

RBA Relative Bioavailability Factor 

lrsed Sediment Ingestion Rate 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Sediment 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

EPCsed Exposure Point Concentration -Sediment 

OAF Dermal Absorption Factor 

SA Skin Surface Area 

AF Soil-to-Skin Adherence Factor 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Sediment 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time - Noncarcinogens 

Value Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
100 mg/day EPA, 2016 (1) EPCsed x RBA x IRsed x ED x EF x CFs 

74 days/year BPJ (2) BWxAT 

20 years EPA, 2016 (3) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (4) 

7,300 days EPA, 1989 and 2016 (5) 

25,550 days EPA, 1989 and 2016 (5) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
2,275 cm2 EPA, 2011 (6) EPCsed x OAF x SA x AF x EF x ED x CFs 

0.3 mg/cm 2 EPA, 2016 (7) BWxAT 

74 days/year BPJ (2) 

20 years EPA, 2016 (3) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (4) 

7,300 days EPA, 1989 and 2016 (5) 

25,550 days EPA, 1989 and 2016 (5) 
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Notes: 

(1) IRS: Default soil ingestion rate for adults. 

(2) EF: The adult recreational user is assumed to visit the Site 1 day/week for 7 months (30 weeks) from mid-October to mid-May (30 total days), and 2 days/week for 5 months (22 weeks) from mid-May through mid-October (44 total days). 

(3) ED: Default exposure duration for adults residents. 

(4) BW: Default adult body weight. 

(5) ATnc: 365 days/year x 26 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(6) SA: Skin surface area of 2,275 em 2 represents the average surface area of hands and feet for adults (EPA 2011 ). 

(8) AF: Soil-to-skin adherence factor for reed gatherer (EPA 2004). 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2004. RAGS, Volume I- Human Health Evaluation Manual (PartE, Supplemental Guidance for Dermal Risk Assessment). Final. Office of Superfund Remediation and Technology Innovation. Washington, DC. OSWER Directive 9285.7-02. EPA/540/R/99/005. July. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.9.1.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
CURRENT AND FUTURE ADOLESCENT TRESPASSER -SOIL 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Current and Future 

Medium: Surface (Current), Surface and Subsurface Soil (All Soil) 

Exposure Medium: Soil, Particulates/Vapors 

Exposure Route 
Receptor 

Receptor Age Exposure Point 
Population 

Incidental Current/Future Adolescent Soil 

Ingestion On-Site Age 6-16 

Trespasser 

Dermal Current/Future Adolescent Soil 

On-Site Age 6-16 

Trespasser 

Inhalation Current/Future Adolescent Outdoor Air 

On-Site Age 6-16 Particulates 

Trespasser and Vapors 

from Soil 

Parameter Code 

EPCs 

RBA 

IRS 

EF 

ED 

EDMadj 

CFs 

BW 

ATnc 

ATe 

EPCs 

OAF 

SA 

AF 

EF 

ED 

EDMadj 

CFs 

BW 

ATnc 

ATe 

EPCs 

VF 

PEF 

EF 

ED 

EDMadj 

ET 

CFt 

ATnc 

ATe 

Parameter Definition Value Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

Exposure Point Concentration -Soil medium-specific mg/kg See Table 3 Series 

Relative Bioavailability Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Soil Ingestion Rate 100 mg/day EPA, 2016 (1) EPCs x RBA x IRS x ED[Madj] x EF x CFs 

Exposure Frequency 65 days/year BPJ (2) BWxAT 

Exposure Duration 10 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 30 years EPA, 2016 (4) 

Conversion Factor- Soil 1.0E-06 kg/mg --

Body Weight 45 kg EPA, 2014 (5) 

Averaging Time - Noncarcinogens 3,650 days EPA, 1989 and 2016 (6) 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Exposure Point Concentration -Soil medium-specific mg/kg See Table 3 Series 

Dermal Absorption Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Skin Surface Area 4,520 cm2 EPA, 2011 (7) EPCs x OAF x SAx AF x EF x ED[Mad]j x CFs 

Soil-to-Skin Adherence Factor 0.07 mg/cm 2 EPA, 2016 (8) BWxAT 

Exposure Frequency 65 days/year BPJ (2) 

Exposure Duration 10 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 30 years EPA, 2016 (4) 

Conversion Factor- Soil 1.0E-06 kg/mg --

Body Weight 45 kg EPA, 2014 (5) 

Averaging Time - Noncarcinogens 3,650 days EPA, 1989 and 2016 (6) 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Exposure Point Concentration -Soil chemical-specific mg/kg Table 3 Series 

Volatilization Factor chemical-specific m3/kg See Table 5.3 CDENc (mg/m 3
) = 

Particulate Emission Factor 3.11E+10 m3/kg EPA, 2016 (9) EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

Exposure Frequency 65 days/year BPJ (2) ATnc 

Exposure Duration 10 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 30 years EPA, 2016 (4) CDEc (1Jg/m3) = 
Exposure Time 2 hours/day BPJ (10) EPCs x (1/PEF + 1/VF) x EF x ED[Madj] x ET x CFt 

Conversion Factor- Time (1/24) 0.042 day/hours -- CFa x ATe 

Averaging Time - Noncarcinogens 3,650 days EPA, 1989 and 2016 (6) 

Averaging Time - Noncarcinogens 25,550 days EPA, 1989 and 2016 (6) 
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Notes: 

(1) IRS: Default soil ingestion rate for adults. 

(2) EF: assumes an adolescent trespasser will visit the Site 2 days per week during the summer (13 weeks) and 1 day per week during the remainder of the year (39 weeks). 

(3) ED: Default exposure duration for child 6 to 16 years old. 

(4) EDMadj: To account for potential mutagenic effects an age-dependent adjustment factor (ADAF) of 3 is applied to the ED for ages 6 to 16 [(3x1 0)=30]. 

(5) BW: Adolescent body weight. 

(6) ATnc: 365 days/year x 10 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: Skin surface area of 4,520 em 2 represents the average surface area of children 6 to 16 years (EPA 2011 ). 

(8) AF: Default soil-to-skin adherence factor for adults. 

(9) PEF: default PEF value for Lincoln, Nebraska (Climatic Zone 5). 

(10) ET: Assumed to be 2 hours per day based on professional judgment 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2014. Region 4 Human Health Risk Assessment Supplemental Guidance. January. Available on-line at: http://www.epa.gov/region04/superfund/programs/riskassess/riskassess.html 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.9.2.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
CURRENT AND FUTURE ADOLESCENT TRESPASSER- SURFACE WATER 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Current and Future 

Medium: Surface Water 

Exposure Medium: Water 

Exposure Route 
Receptor 

Population 

Incidental Current/Future 

Ingestion On-Site 

Trespasser 

Dermal Current/Future 

On-Site 

Trespasser 

Receptor Age Exposure Point 

Adult Surface Water 

Adult Surface Water 

Parameter Code Parameter Definition 

EPCsw Exposure Point Concentration -Surface Water 

IRsw Surface water incidental ingestion rate 

EF Exposure Frequency 

ED Exposure Duration 

EDMadj Exposure Duration - Mutagenic age-adjusted 

CFw Conversion Factor- Water 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

EPCsw Exposure Point Concentration -Surface Water 

Kp Dermal Permeability Constant 

SA Skin Surface Area 

EF Exposure Frequency 

ED Exposure Duration 

EDMadj Exposure Duration - Mutagenic age-adjusted 

ET Exposure Time 

EV Events per day 

CFw Conversion Factor- Water 

CFv Conversion Factor- Volume 

FA Fraction Absorbed - Water 

t* Time to Reach Steady-State 

tevent Lag Time 

B Ratio of permeability coefficient of a compound 

through the corneum relative to its permeability 

coefficient across the viable epidermis 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

Value 

medium-specific 

0.0125 

65 

10 

30 

1.0E-03 

45 

3,650 

25,550 

medium-specific 

chemical-specific 

3,093 

65 

10 

30 

2 

1 

1.0E-03 

1.0E-03 

chemical-specific 

chemical-specific 

chemical-specific 

chemical-specific 

--

--

45 

3,650 

25,550 

Page 40 of 49 

Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

ug/L See Table 3 Series 

Llday BPJ (1) COl (mg/kg-day) = 
days/year BPJ (2) EPCs x IRsw x ED[Madj] x EF x CFw 

years EPA, 2016 (3) BWxAT 

years EPA, 2016 (4) 

mg/ug --

kg EPA, 2014 (5) 

days EPA, 1989 and 2016 (6) 

days EPA, 1989 and 2016 (6) 

ug/L See Table 3 Series For lnorganics: 

em/hour See Table 5.3 COl (mg/kg-day) = 
cm2 EPA 2011 (7) EPCsw x K[2 x SA x EF x ED[Madj] x ET x EV x CFw x CFv 

days/year BPJ (2) BWxAT 

years EPA, 2016 (3) For Organics: 

years EPA, 2016 (4) COl (mg/kg-day) = 

hours/event PBJ (8) EPCsw x FAx K[2 x SAx EF x ED[Madj] x DAevent x EV x CFw x CFv 

events/day PBJ (9) BWxAT 

mg/ug --

Llcm 3 -- If ET < or = t*, then: 

unitless See Table 5.3 DAevent = 2 X -/ (6 X tevent X ET)/TT 

hours/event See Table 5.3 

hours/event See Table 5.3 If ET > t*, then: 

unitless See Table 5.3 DAevent = ET/(1 +B)+ {2 X tevent X ([1 +3B+3B 2]/[1 +Bf)} 

--

--

kg EPA, 2014 (5) 

days EPA, 1989 and 2016 (6) 

days EPA, 1989 and 2016 (6) 
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Notes: 

(1) IRsw: Assumes an incidental ingestion rate of 0.05 L!day (about 1 ounce) (EPA 2016) on one-fourth of the total days (0.05 L!day x 0.25) 

(2) EF: assumes an adolescent trespasser will visit the Site 2 days per week during the summer (13 weeks) and 1 day per week during the remainder of the year (39 weeks). 

(3) ED: Exposure duration for child 7 to 16 years old. 

(4) EDMadj: To account for potential mutagenic effects an age-dependent adjustment factor (ADAF) of 3 is applied to the ED for ages 6 to 16 [(3x1 0)=30]. 

(5) BW: Adolescent body weight. 

(6) ATnc: 365 days/year x 10 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: The SA of 3,093 em 2 represents the average surface area of hands, feet, and lower legs for adolescents 6 to 16 years (EPA 2011) 

(8) ET: Assumed to be 3 hours per day based on professional judgment 

(9) EV: Assumed 1 event occurs per day. 

Not applicabale or No value 

BPJ Best Professional Judgment 

em/hour Centimeters per hour 

cm2 Square centimeters 

kg Kilogram 

Llcm3 Liter/cubic centimeter 

Llday Liter per day 

mg/ug Milligrams per microgram 

ug/L Micrograms per liter 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2014. Region 4 Human Health Risk Assessment Supplemental Guidance. January. Available on-line at: http://www.epa.gov/region04/superfund/programs/riskassess/riskassess.html 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 

em/hour 

cm2 

kg 

Llcm3 

Llday 

mg/ug 

ug/L 
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TABLE 4.9.3.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
CURRENT AND FUTURE ADOLESCENT TRESPASSER -SEDIMENT 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Current and Future 

Medium: Sediment 

Exposure Medium: Sediment 

Exposure Route 
Receptor 

Population 

Incidental Current/Future 

Ingestion On-Site 

Trespasser 

Dermal Future 

On-Site 

Trespasser 

Receptor Age 

Adolescent 

Age 6-16 

Adolescent 

Age 6-16 

Exposure Point Parameter Code 

EPCs 

Sediment RBA 

IRS 

EF 

ED 

EDMadj 

CFs 

BW 

ATnc 

ATe 

EPCs 

Sediment OAF 

SA 

AF 

EF 

ED 

EDMadj 

CFs 

BW 

ATnc 

ATe 

Parameter Definition Value Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

Exposure Point Concentration -Soil medium-specific mg/kg See Table 3 Series 

Relative Bioavailability Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Soil Ingestion Rate 100 mg/day EPA, 2016 (1) EPCs x RBA x IRS x ED[Madj] x EF x CFs 

Exposure Frequency 65 days/year BPJ (2) BWxAT 

Exposure Duration 10 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 30 years EPA, 2016 (4) 

Conversion Factor- Soil 1.0E-06 kg/mg --

Body Weight 45 kg EPA, 2014 (5) 

Averaging Time - Noncarcinogens 3,650 days EPA, 1989 and 2016 (6) 

Averaging Time -Carcinogens 25,550 days EPA, 1989 and 2016 (6) 

Exposure Point Concentration -Soil medium-specific mg/kg See Table 3 Series 

Dermal Absorption Factor chemical-specific unitless See Table 5.3 COl (mg/kg-day) = 
Skin Surface Area 1,505 cm2 EPA 2011 (7) EPCs x OAF x SAx AF x EF x ED[Mad]j x CFs 

Soil-to-Skin Adherence Factor 0.3 mg/cm 2 EPA, 2016 (8) BWxAT 

Exposure Frequency 65 days/year BPJ (2) 

Exposure Duration 10 years EPA, 2016 (3) 

Exposure Duration - Mutagenic age-adjusted 30 years EPA, 2016 (4) 

Conversion Factor- Soil 1.0E-06 kg/mg --

Body Weight 45 kg EPA, 2014 (5) 

Averaging Time - Noncarcinogens 3,650 days EPA, 1989 and 2016 (6) 

Averaging Time - Noncarcinogens 25,550 days EPA, 1989 and 2016 (6) 
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Notes: 

(1) IRS: Default soil ingestion rate for adults. 

(2) EF: assumes an adolescent trespasser will visit the Site 2 days per week during the summer (13 weeks) and 1 day per week during the remainder of the year (39 weeks). 

(3) ED: Exposure duration for child 7 to 16 years old. 

(4) EDMadj: To account for potential mutagenic effects an age-dependent adjustment factor (ADAF) of 3 is applied to the ED for ages 7 to 16 [(3x1 0)=30]. 

(5) BW: Adolescent body weight. 

(6) ATnc: 365 days/year x 10 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: Skin surface area of 1 ,505 em 2 represents the average surface area of hands and feet for children 7 to 16 years (EPA 2011 ). 

(8) AF: Soil-to-skin adherence factor for reed gatherer (EPA 2004). 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2004. RAGS, Volume I- Human Health Evaluation Manual (PartE, Supplemental Guidance for Dermal Risk Assessment). Final. Office of Superfund Remediation and Technology Innovation. Washington, DC. OSWER Directive 9285.7-02. EPA/540/R/99/005. July. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2014. Region 4 Human Health Risk Assessment Supplemental Guidance. January. Available on-line at: http://www.epa.gov/region04/superfund/programs/riskassess/riskassess.html 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.10.1.RME 
VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
CURRENT AND FUTURE ADULT TRESPASSER- SOIL 
DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Current/Future 

Medium: Surface (Current), Surface and Subsurface Soil (All Soil) 

Exposure Medium: Surface and Subsurface Soil , Particulates/Vapors 

Exposure Route 
Receptor 

Receptor Age Exposure Point 
Population 

Incidental Current/Future Adult Soil 

Ingestion On-Site 

Trespasser 

Dermal Current/Future Adult Soil 

On-Site 

Trespasser 

Inhalation Current/Future Adult Outdoor Air 

On-Site Particulates 

Trespasser and Vapors 

from Soil 

Parameter Code Parameter Definition 

EPCs Exposure Point Concentration -Soil 

RBA Relative Bioavailability Factor 

IRS Soil Ingestion Rate 

Fl Fractional Intake 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

EPCs Exposure Point Concentration -Soil 

OAF Dermal Absorption Factor 

SA Skin Surface Area 

AF Soil-to-Skin Adherence Factor 

EF Exposure Frequency 

ED Exposure Duration 

CFs Conversion Factor- Soil 

BW Body Weight 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

EPCs Exposure Point Concentration -Soil 

VF Volatilization Factor 

PEF Particulate Emission Factor 

EF Exposure Frequency 

ED Exposure Duration 

ET Exposure Time 

CFa Conversion Factor- Air 

CFt Conversion Factor- Time (1/24) 

ATnc Averaging Time - Noncarcinogens 

ATe Averaging Time -Carcinogens 

Value Units Rationale/ Reference Chronic Daily Intake (CD I)/Chronic Daily Exposure (CDE) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See TABLE 5 & 6 Series COl (mg/kg-day) = 
100 mg/day EPA, 2014 (1) EPCs x RBA x IRS x Fl x EF x ED x CFs 

0.5 unitless BPJ (2) BWxAT 

144 days/year BPJ (3) 

20 years EPA, 2014 (4) 

1.0E-06 kg/mg --

80 kg EPA, 2014 (5) 

7,300 days EPA, 1989 (6) 

25,550 days EPA, 1989 (6) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See TABLE 5 & 6 Series COl (mg/kg-day) = 
6,032 cm2 EPA, 2014 (7) EPCs x OAF x SAx AF x EF x ED x CFs 

0.07 mg/cm 2 EPA, 2014 (8) BWxAT 

144 days/year BPJ (3) 

20 years EPA, 2014 (4) 

1.0E-06 kg/mg --

80 kg EPA, 2014 (5) 

7,300 days EPA, 1989 (6) 

25,550 days EPA, 1989 (6) 

chemical-specific mg/kg See Table 3 Series 

chemical-specific m3/kg See TABLE 5 & 6 Series CDEc (1Jg/m 3
) = 

3.11E+10 m3/kg EPA, 2016 (9) EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

144 days/year BPJ (3) CFa x ATe 

20 years EPA, 2014 (4) 

6 hours/day BPJ (10) CDENc (mg/m 3
) = 

1.0E-03 mg/IJg -- EPCs x (1/PEF + 1/VF) x EF xED x ET x CFt 

0.042 day/hours -- ATnc 

7,300 days EPA, 1989 (6) 

25,550 days EPA, 1989 (6) 
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Notes: 

(1) IRS: Recommended soil ingestion rate for adult residents. 

(2) Fl: Assumes one-half of soil/sediment exposure occurs on Site. 

(3) EF: 144 days per year is based on best professional judgment for the transient population and assumes an adult trespasser will visit the Site 4 days per week during May through September (20 weeks) and 2 days per week during October through April (32 weeks) 
[(4x20)+(2x32)=144]. 

(4) ED: Default exposure duration for residents; although the adult trespasser is transient, he/she is assumed present long-term in the area. 

(5) BW: Default adult body weight. 

(6) ATe: 365 days/year x 70 year lifetime; ATnc: 365 days/year x 20 year ED. 

(7) SA: Default skin surface area for adult residents. 

(8) AF: Default soil-to-skin adherence factor for adult residents. 

(9) PEF: All exposure areas are assumed to be approximately 0.5 acre in size. MDEQ default PEF values were used. 

(10) ET: Assumes a 6 hour Site visit. 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.10.2.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
CURRENT AND FUTURE ADULT TRESPASSER- SURFACE WATER 

DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Current and Future 

Medium: Surface Water 

Exposure Medium: Water 

Exposure Route 
Receptor 

Population 

Incidental Current/Future 

Ingestion On-Site 

Trespasser 

Dermal Current/Future 

On-Site 

Trespasser 

Receptor Age Exposure Point 

Adult Surface Water 

Adult Surface Water 

Parameter Code 

EPCsw 

IRsw 

EF 

ED 

BW 

CFw 

ATnc 

ATe 

EPCsw 

Kp 

SA 

EF 

ED 

ET 

EV 

CFw 

CFv 

FA 

t* 

tevent 

B 

BW 

ATnc 

ATe 

Parameter Definition Value 

Exposure Point Concentration -Surface Water medium-specific 

Surface water incidental ingestion rate 0.0125 

Exposure Frequency 144 

Exposure Duration 20 

Body Weight 80 

Conversion Factor- Water 1.0E-03 

Averaging Time - Noncarcinogens 7,300 

Averaging Time -Carcinogens 25,550 

Exposure Point Concentration -Surface Water medium-specific 

Dermal Permeability Constant chemical-specific 

Skin Surface Area 4,835 

Exposure Frequency 144 

Exposure Duration 20 

Exposure Time 3 

Events per day 1 

Conversion Factor- Water 1.0E-03 

Conversion Factor- Volume 1.0E-03 

Fraction Absorbed - Water chemical-specific 

Time to Reach Steady-State chemical-specific 

Lag Time chemical-specific 

Ratio of permeability coefficient of a compound chemical-specific 

through the corneum relative to its permeability --

coefficient across the viable epidermis --

Body Weight 80 

Averaging Time - Noncarcinogens 7,300 

Averaging Time -Carcinogens 25,550 
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Units Rationale/ Reference 
Chronic Daily Intake (COl)/ 

Chronic Daily Exposure (CDE) 

ug/L See Table 3 Series 

Llday BPJ (1) COl (mg/kg-day) = 
days/year BPJ (2) EPCs x IRsw x ED x EF x CFw 

years EPA, 2016 (3) BWxAT 

kg EPA, 2014 (4) 

mg/ug --

days EPA, 1989 and 2016 (5) 

days EPA, 1989 and 2016 (5) 

ug/L See Table 3 Series For lnorganics: 

em/hour See Table 5.3 COl (mg/kg-day) = 
cm2 EPA 2011 (6) EPCsw x K[;! x SAx EF x ED x ET x EV x CFw x CFv 

days/year BPJ (2) BWxAT 

years EPA, 2016 (3) For Organics: 

hours/event PBJ (7) COl (mg/kg-day) = 
events/day PBJ (8) EPCsw x FAx K[;! x SAx EF xED x DAevent x EV x CFw x CFv 

mg/ug -- BWxAT 

Llcm 3 -- If ET < or = t*, then: 

unitless See Table 5.3 DAevent = 2 X -/ (6 X tevent X ET)/TT 

hours/event See Table 5.3 

hours/event See Table 5.3 If ET > t*, then: 

unitless See Table 5.3 DAevent = ET/(1 +B)+ {2 X tevent X ([1 +3B+3B 2]/[1 +Bf)} 

--

--

kg EPA, 2014 (4) 

days EPA, 1989 and 2016 (5) 

days EPA, 1989 and 2016 (5) 

ED_001521A_00007994-00147 



Notes: 

(1) IRsw: Assumes an incidental ingestion rate of 0.05 L!day (about 1 ounce) (EPA 2016) on one-fourth of the total days (0.05 L!day x 0.25) 

(3) EF: 144 days per year is based on best professional judgment for the transient population and assumes an adult trespasser will visit the Site 4 days per week during May through September (20 weeks) and 2 days per week during October through April (32 weeks) 
[(4x20)+(2x32)=144]. 

(4) ED: Default exposure duration for residents; although the adult trespasser is transient, he/she is assumed present long-term in the area. 

(5) BW: Default adult body weight. 

(6) ATnc: 365 days/year x 20 year ED; ATe: Assumes 365 days per year over a 70-year lifetime. 

(7) SA: Skin surface area of 4,835 em 2 represents the average surface area of hands, feet, and lower legs of adults (EPA 2011 ). 

(8) ET: Assumed to be 3 hours per day based on professional judgment 

(9) EV: Assumed 1 event occurs per day. 

Sources: 

Microgram per cubic meter 

milligrams per microgram 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2011. Exposure Factors Handbook: 2011 edition. National Center for Environmental Assessment, Washington, DC. EPA/600/R-09/052F. Available from the National Technical Information Service, Springfield, VA, and at http://www.epa.gov/ncea/efh 

EPA. 2014. Region 4 Human Health Risk Assessment Supplemental Guidance. January. Available on-line at: http://www.epa.gov/region04/superfund/programs/riskassess/riskassess.html 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 4.10.3.RME 
VALUES USED FOR DAILY INTAKE CALCULATIONS 
REASONABLE MAXIMUM EXPOSURE 
CURRENT AND FUTURE ADULT TRESPASSER- SEDIMENT 
DES MOINES TCE SITE, DES MOINES, IOWA 

~imeframe: Current/Future 

Medium: Sediment 

Exposure Medium: Sediment 

Exposure Route 
Receptor 

Population 

Incidental Current/Future 

Ingestion On-Site 

Trespasser 

Dermal Current/Future 

On-Site 

Trespasser 

Receptor Age 

Adult 

Adult 

Exposure Point Parameter Code 

EPCsed 

Sediment RBA 

IRsed 

EF 

ED 

CFs 

BW 

ATnc 

ATe 

EPCsed 

Sediment OAF 

SA 

AF 

EF 

ED 

CFs 

BW 

ATnc 

ATe 

Parameter Definition 

Exposure Point Concentration -Sediment 

Relative Bioavailability Factor 

Sediment Ingestion Rate 

Exposure Frequency 

Exposure Duration 

Conversion Factor- Soil 

Body Weight 

Averaging Time - Noncarcinogens 

Averaging Time -Carcinogens 

Exposure Point Concentration -Sediment 

Dermal Absorption Factor 

Skin Surface Area 

Soil-to-Skin Adherence Factor 

Exposure Frequency 

Exposure Duration 

Conversion Factor- Soil 

Body Weight 

Averaging Time - Noncarcinogens 

Averaging Time -Carcinogens 

Value Units Rationale/ Reference Chronic Daily Intake (CD I)/Chronic Daily Exposure (CDE) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See TABLE 5 & 6 Series COl (mg/kg-day) = 
100 mg/day EPA, 2016 (1) EPCsed x RBA x IRsed x EF x ED x CFs 

144 days/year BPJ (3) BWxAT 

20 years EPA, 2016 (4) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (5) 

7,300 days EPA, 1989 (6) 

25,550 days EPA, 1989 (6) 

medium-specific mg/kg See Table 3 Series 

chemical-specific unitless See TABLE 5 & 6 Series COl (mg/kg-day) = 
2,275 cm2 EPA, 2011 (7) EPCsed x OAF x SA x AF x EF x ED x CFs 

0.3 mg/cm 2 EPA, 2004 (8) BWxAT 

144 days/year BPJ (3) 

20 years EPA, 2016 (4) 

1.0E-06 kg/mg --

80 kg EPA, 2016 (5) 

7,300 days EPA, 1989 (6) 

25,550 days EPA, 1989 (6) 
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Notes: 

(1) IRS: Recommended soil ingestion rate for adult residents. 

(2) Fl: Assumes one-half of soil/sediment exposure occurs on Site. 

(3) EF: 144 days per year is based on best professional judgment for the transient population and assumes an adult trespasser will visit the Site 4 days per week during May through September (20 weeks) and 2 days per week during October through April (32 weeks) 
[(4x20)+(2x32)=144]. 

(4) ED: Default exposure duration for residents; although the adult trespasser is transient, he/she is assumed present long-term in the area. 

(5) BW: Default adult body weight. 

(6) ATe: 365 days/year x 70 year lifetime; ATnc: 365 days/year x 20 year ED. 

(7) SA: Represents the average surface area of hands and feet for adults (EPA 2011 ). 

(8) AF: Soil-to-skin adherence factor for reed gatherer (EPA 2004). 

BPJ Best Professional Judgment 

cm 2 
Square centimeter 

kg Kilogram 

kg/mg Kilogram per milogram 

m3/kg Cubic meter per kilogram 

mg/cm 2 
Milligrams per square centimeter 

mg/kg Milligrams per kilogram 

mg/kg-day Milligrams per kilogram per day 

Sources: 

U.S. Environmental Protection Agency (EPA). 1989. "Risk Assessment Guidance for Superfund: Volume I -Human Health Evaluation Manual (Part A)." Office of Solid Waste and Emergency Response (OSWER). EPA/540/1-89/002a. December. 

EPA. 2004. RAGS, Volume I- Human Health Evaluation Manual (PartE, Supplemental Guidance for Dermal Risk Assessment). Final. Office of Superfund Remediation and Technology Innovation. Washington, DC. OSWER Directive 9285.7-02. EPA/540/R/99/005. July. 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 5.1: EPA RAGS PART D TABLE, NON-CANCER TOXICITY DATA- ORAL/DERMAL 
DES MOINES TCE SITE, DES MOINES, IOWA 

Oral 
Oral RfD Absorption 

Efficiency 
Chemical of Potential Concern CAS Number Value Units for Dermal 

1 ,2-Dichloroethane 107-06-2 6.0E-03 mg/kg-day 1 
1 ,2-Dichloroethylene (total) 540-59-0 2.0E-03 mg/kg-day 1 
2,3,7,8-TCDD Equivalent 1746-01-6 7.0E-10 mg/kg-day 1 
Aldrin 309-00-2 3.0E-05 mg/kg-day 1 
alpha-Chlordane 5103-71-9 5.0E-04 mg/kg-day 1 
Chloroform 67-66-3 1.0E-02 mg/kg-day 1 
cis-1 ,2-Dichloroethylene 156-59-2 2.0E-03 mg/kg-day 1 
Dieldrin 60-57-1 5.0E-05 mg/kg-day 1 
gamma-Chlordane 12789-03-6 5.0E-04 mg/kg-day 1 
p,p'-DDT 50-29-3 5.0E-04 mg/kg-day 1 
Trichloroethene 79-01-6 5.0E-04 mg/kg-day 1 
Vinyl Chloride 75-01-4 3.0E-03 mq/kq-dav 1 

Notes: All toxicity values were obtained from EPA 2016. 

Surrogates: 
Chlordane was used as a surrogate for alpha-Chlordane and gamma-Chlordane 
cis-1 ,2-dichloroethylene was used as a surrogate for 1 ,2-Dichloroethylene (total cis+ trans) 

Abbreviations: 
mg/kg-day 
CAS 
EPA 
IRIS 
PPRTV 
RAGS 
RfD 

Reference: 

Milligram per kilogram per day 
Chemical Abstract Service 
U.S. Environmental Protection Agency 
Integrated Risk Information System 
Provisional Peer Reviewed Toxicity Value 
Risk Assessment Guidance for Superfund 
Reference Dose 

Absorbed RfD for 
Dermal 

Value Units 

6.0E-03 mg/kg-day 
2.0E-03 mg/kg-day 
7.0E-10 mg/kg-day 
3.0E-05 mg/kg-day 
5.0E-04 mg/kg-day 
1.0E-02 mg/kg-day 
0.002 mg/kg-day 

5.0E-05 mg/kg-day 
5.0E-04 mg/kg-day 
5.0E-04 mg/kg-day 
5.0E-04 mg/kg-day 
3.0E-03 mq/kq-dav 

Primarv Taraet Oraan(s) 

Urinary, Hepatic 
Urinary, Whole Body, Hematologic 

Reproductive 
Hepatic 
Hepatic 
Hepatic 

Urinary, Whole Body 
Hepatic 
Hepatic 
Hepatic 

Developmental, Cardiovascular, Immune 
Hepatic 
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Combined 
Uncertainty/ Oral Reference Dose 

Modifying 
Factors Source Date 

10000 PPRTV-Appendix 5/2016 
3000 IRIS 5/2016 

30 IRIS 5/2016 
1000 IRIS 5/2016 
300 IRIS 5/2016 
100 IRIS 5/2016 

3000 IRIS 5/2016 
100 IRIS 5/2016 
300 IRIS 5/2016 
100 IRIS 5/2016 
10 IRIS 5/2016 
30 IRIS 5/2016 
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TABLE 5.2: EPA RAGS PART D TABLE, NON-CANCER TOXICITY DATA -INHALATION 

DES MOINES TCE SITE, DES MOINES, IOWA 

Inhalation RfC 

Chemical of Potential Concern CAS Number Value Units 

1 ,2-Dichloroethane 107-06-2 7.0E-03 mg/m3 

1 ,2-Dichloroethylene (total) 540-59-0 -- --

2,3,7,8-TCDD Equivalent 1746-01-6 4.0E-08 mg/m3 

fA.Idrin 309-00-2 -- --
alpha-Chlordane 5103-71-9 7.0E-04 mg/m3 
Chloroform 67-66-3 9.8E-02 mg/m3 
cis-1 ,2-Dichloroethylene 156-59-2 -- --
Dieldrin 60-57-1 -- --
gamma-Chlordane 12789-03-6 7.0E-04 mg/m3 
p,p'-DDT 50-29-3 -- --
Trichloroethene 79-01-6 2.0E-03 mg/m3 
~inyl Chloride 75-01-4 1.0E-01 mg/m3 

Notes: All toxicity values were obtained from EPA 2016. 

Surrogates: 

Chlordane was used as a surrogate for alpha-Chlordane and gamma-Chlordane 

Abbreviations: 

mg/m3 

ATSDR 

Cai/EPA 

CAS 

EPA 

IRIS 

PPRTV 

RAGS 

RfC 

Reference: 

Milligram per cubic meter 

Agency for Toxic Substances and Disease Registry 

California Environmental Protection Agency 

Chemical Abstract Service 

U.S. Environmental Protection Agency 

Integrated Risk Information System 

Provisional Peer Reviewed Toxicity Value 

Risk Assessment Guidance for Superfund 

Reference Concentration 

Primary Target Organ(s) 

Nervous 

--
Hepatic, Reproductive, Endocrine, Respiratory, 

Hematologic, Developmental 

--
Hepatic 
Hepatic 

--
--

Hepatic 
--

Developmental, Cardiovascular, Immune 
Hepatic 

Combined Inhalation Reference 

Uncertainty/ Concentration 

Modifying 
Factors Source Date 

3000 PPRTV 05/2016 

-- -- 05/2016 

100 Cai/EPA 05/2016 

-- -- 05/2016 
1000 IRIS 05/2016 
100 ATSDR 05/2016 
-- -- 05/2016 
-- -- 05/2016 

1000 IRIS 05/2016 
-- -- 05/2016 

100 IRIS 05/2016 
30 IRIS 05/2016 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 5.3: EPA RAGS PART D, CHEMICAL-SPECIFIC FACTORS AND MUTAGENIC IDENTIFICATION 
DES MOINES TCE SITE, DES MOINES, IOWA 

l'(e1auve 
CAS Bioavailability Organic/ 

Chemical of Potential Concern Number Factor lnorqanic 

1 ,2-Dichloroethane 107-06-2 1 0 
1 ,2-Dichloroethylene (total) 540-59-0 1 0 
~,3,7,8-TCDD Equivalent 1746-01-6 1 0 
~ldrin 309-00-2 1 0 
alpha-Chlordane 5103-71-9 1 0 
~hloroform 67-66-3 1 0 

is-1 ,2-Dichloroethylene 156-59-2 1 0 
Dieldrin 60-57-1 1 0 
gamma-Chlordane 12789-03-6 1 0 
p,p'-DDT 50-29-3 1 0 
rrrichloroethene 79-01-6 1 0 
~inyl Chloride 75-01-4 1 0 

Notes: All chemical specific factors from EPA 2016. 

Surrogates: 
Chlordane was used as a surrogate for alpha-Chlordane and gamma-Chlordane 

Abbreviations: 

ABS 
Not available; not applicable 
Dermal Absorption Factor from soil 

VF ABS t* 

Mutaqen (m3/kg) (unitless) (hours/event) 

4.6E+03 -- 9.0E-01 

2.5E+03 -- 8.8E-01 

2.0E+06 0.03 2.9E+01 

1.7E+06 -- 4.8E+01 
1.5E+06 0.040 8.0E+01 
2.6E+03 -- 1.2E+OO 
2.5E+03 -- 8.8E-01 

-- 0.1 3.4E+01 
1.5E+06 0.04 8.0E+01 

-- 0.03 4.4E+01 
TCE 2.2E+03 -- 1.4E+OO 

VI..; ~.t>t:+UL -- 0.1 t:-U-1 

FA Kp 

(unitless) (em/hour) 

1 4.20E-03 
1 1.10E-02 

0.5 8.08E-01 
1 2.93E-01 

0.7 1.07E-01 

1 6.83E-03 

1 1.1E-02 

0.8 3.3E-02 

0.7 1.1E-01 

0.7 6.3E-01 

1 1.2E-02 

1 15.4t:-U.5 

B 
em/hour 
ow 

Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability coefficient across the viable epidermis 
centimeters per hour 

FA 

Kp 
m"/kg 

mg/kg 
0 
t* 
VF 

Reference: 

Dry weight 
Fraction absorbed from water 
Inorganic 
Dermal Permeability Coefficient 
cubic meters per kilogram 
milligrams per kilogram 
Organic 
Time to reach steady state 
Volatility factor 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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l.vent B 

(hours/event) (unitless) 

3.8E-01 1.6E-02 
3.7E-01 4.2E-02 
6.7E+OO 5.6E+OO 
1.2E+01 2.2E+OO 
2.1E+01 8.3E-01 
4.9E-01 2.9E-02 
3.7E-01 4.2E-02 
1.4E+01 2.4E-01 
2.1E+01 8.3E-01 
1.0E+01 4.5E+OO 
5.7E-01 5.1 E-02 
L.4t:-U"I L.Ot:-UL 
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TABLE 6.1: EPA RAGS PART D TABLE, CANCER TOXICITY DATA- ORAL/DERMAL 

DES MOINES TCE SITE, DES MOINES, IOWA 

Oral Cancer Slope Factor 

Chemical of Potential Concern CAS Number Value Units 

1 ,2-Dichloroethane 107-06-2 9.1E-02 (mg/kg-day)-1 
1 ,2-Dichloroethylene (total) 540-59-0 -- --
~.3,7,8-TCDD Equivalent 1746-01-6 1.3E+05 (mg/kg-day)-1 
~ldrin 309-00-2 1.7E+01 (mg/kg-day)-1 
alpha-Chlordane 5103-71-9 3.5E-01 (mg/kg-day)-1 
~hloroform 67-66-3 3.1 E-02 (mg/kg-day)-1 
pis-1 ,2-Dichloroethylene 156-59-2 -- --
Dieldrin 60-57-1 1.6E+01 (mg/kg-day)-1 
gamma-Chlordane 12789-03-6 3.5E-01 (mg/kg-day)-1 
p,p'-DDT 50-29-3 3.4E-01 (mg/kg-day)-1 
[Trichloroethene 79-01-6 4.6E-02 (mg/kg-day)-1 
~inyl Chloride 75-01-4 7.2E-01 I (mg/kg-day)-1 

Notes: All toxicity values were obtained from EPA 2016. 

Surrogates: 
Chlordane was used as a surrogate for alpha-Chlordane and gamma-Chlordane 

Abbreviations: 
(mg/kg-day)-1 
Cai/EPA 
CAS 
EPA 
IRIS 
RAGS 

Reference: 

1/milligrams per kilogram per day 
California Environmental Protection Agency 
Chemical Abstract Service 
U.S. Environmental Protection Agency 
Integrated Risk Information System 
Risk Assessment Guidance for Superfund 

Oral Absorbed Cancer Slope 
Absorption Factor for Dermal 

Efficiency for 
Dermal Value Units 

1 9.1E-02 (mg/kg-day)-1 
1 -- --
1 1.3E+05 (mg/kg-day)-1 
1 1.7E+01 (mg/kg-day)-1 
1 3.5E-01 (mg/kg-day)-1 
1 3.1 E-02 (mg/kg-day)-1 
1 -- --
1 1.6E+01 (mg/kg-day)-1 
1 3.5E-01 (mg/kg-day)-1 
1 3.4E-01 (mg/kg-day)-1 
1 4.6E-02 (mg/kg-day)-1 

1 7.2E-01 (mg/kg-day)-1 

Oral Cancer Slope Factor 
EPA Weight of Evidence/ Cancer 

Guideline Description Source Date 

Probable Carcinogen IRIS 5/2016 
-- -- 5/2016 

Probable Carcinogen Cai/EPA 5/2016 
Probable Carcinogen IRIS 5/2016 

Probable Carcinogen IRIS 5/2016 
Probable Carcinogen Cai/EPA 5/2016 

-- -- 5/2016 
Probable Carcinogen IRIS 5/2016 
Probable Carcinogen IRIS 5/2016 
Probable Carcinogen IRIS 5/2016 

Carcinogen IRIS 5/2016 

Carcinogen IRIS 5/2016 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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TABLE 6.2: EPA RAGS PART D TABLE, CANCER TOXICITY DATA -INHALATION 
DES MOINES TCE SITE, DES MOINES, IOWA 

Inhalation Unit Risk 

Chemical of Potential Concern CAS Number Value Units 

1 ,2-Dichloroethane 107-06-2 2.6E-05 (ug/m3)-1 
1 ,2-Dichloroethylene (total) 540-59-0 -- --
2,3,7,8-TCDD Equivalent 1746-01-6 3.8E+01 (ug/m3)-1 
Aldrin 309-00-2 4.9E-03 (ug/m3)-1 
alpha-Chlordane 5103-71-9 1.0E-04 (ug/m3)-1 
Chloroform 67-66-3 2.3E-05 --
cis-1 ,2-Dichloroethylene 156-59-2 -- --
Dieldrin 60-57-1 4.6E-03 (ug/m3)-1 
gamma-Chlordane 12789-03-6 1.0E-04 (ug/m3)-1 
p,p'-DDT 50-29-3 9.7E-05 (ug/m3)-1 
Trichloroethene 79-01-6 4.1 E-06 (ug/m3)-1 
Vinyl Chloride 75-01-4 4.4E-06 (ug/m3)-1 

Notes: All toxicity values were obtained from EPA 2015. 

Surrogates: 
Chlordane was used as a surrogate for alpha-Chlordane and gamma-Chlordane 

Abbreviations: 
(ug/m3)-1 
Cai/EPA 
CAS 
EPA 
IRIS 
RAGS 

Reference: 

1/micrograms per cubic meter 
California Environmental Protection Agency 
Chemical Abstract Service 
U.S. Environmental Protection Agency 
Integrated Risk Information System 
Risk Assessment Guidance for Superfund 

EPA. 2016. "Regional Screening Level User's Guide." May. Available on-line at: 

https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables-may-2016 
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EPA Weight of Evidence/ 
Cancer Guideline Description 

Probable Carcinogen 
--

Probable Carcinogen 
Probable Carcinogen 

Likely Carcinogen 
Probable Carcinogen 

--
Probable Carcinogen 

Likely Carcinogen 
Probable Carcinogen 

Carcinogen 
Carcinogen 

Unit Risk 

Source Date 

IRIS 5/2016 
-- 5/2016 

Cai/EPA 5/2016 
IRIS 5/2016 
IRIS 5/2016 
IRIS 5/2016 

-- 5/2016 
IRIS 5/2016 
IRIS 5/2016 
IRIS 5/2016 
IRIS 5/2016 
IRIS 5/2016 
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TABLE 7.1.RME: EPA RAGS TABLE 7- FUTURE RESIDENT CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Aggregate and Child Resident 

Receptor Age: 0-26 

Cancer Risk Calculations 
Intake/Exposure 

Exposure Exposure Exposure Chemical of EPC Concentration CSF I Unit Risk 

Medium Medium Point Route Potential Concern CAS No. Value Units Value Units Value Units 

Surface Soil Surface Soil, Surface Soil Ingestion 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 2.8E-11 mg/kg-day 1.3E+05 (mg/kg-day)-1 

ParticulatesNapors p,p'-DDT 50-29-3 2.3E+OO mg/kg 3.3E-06 mg/kg-day 3.4E-01 (mg/kg-day)-1 

Chloroform 67-66-3 7.4E-01 mg/kg 1.1 E-06 mg/kg-day 3.1 E-02 (mg/kg-day)-1 

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg 7.9E-05 mg/kg-day -- --

Trichloroethene 79-01-6 4.4E+OO mg/kg 1.1 E-05 mg/kg-day 4.6E-02 (mg/kg-day)-1 

I 

Dermal 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 2.6E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 

p,p'-DDT 50-29-3 2.3E+OO mg/kg 3.0E-07 mg/kg-day 3.4E-01 (mg/kg-day)-1 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg -- -- -- --

Trichloroethene 79-01-6 4.4E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 

Exposure Route Total 

Inhalation 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 3.5E-09 ug/m3 3.8E+01 (ug/m3)-1 

p,p'-DDT 50-29-3 2.3E+OO mg/kg 2.6E-08 ug/m3 9.7E-05 (ug/m3)-1 

Chloroform 67-66-3 7.4E-01 mg/kg 1.0E-01 ug/m3 2.3E-05 --

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg 4.8E+OO ug/m3 -- --

Trichloroethene 79-01-6 4.4E+OO mg/kg 1.0E+OO ug/m3 4.1 E-06 (ug/m3)-1 

Exposure Route Total 

Exposure Point Total 

Exposure Medium Total 

Medium Total 

Page 1 of 43 

Noncancer Hazard Quotient 
Intake/Exposure 

Cancer Concentration RfD I RfC Hazard 
Risk Value Units Value Units Quotient 

3.6E-06 2.5E-10 mg/kg-day 7.0E-10 mg/kg-day 3.5E-01 

1.1 E-06 2.9E-05 mg/kg-day 5.0E-04 mg/kg-day 5.8E-02 

3.3E-08 9.5E-06 mg/kg-day 1.0E-02 mg/kg-day 9.5E-04 

-- 1.5E-04 mg/kg-day 2.0E-03 mg/kg-day 7.7E-02 

5.0E-07 5.6E-05 mg/kg-day 5.0E-04 mg/kg-day 1.1E-01 

5. 

3.3E-07 1.7E-11 mg/kg-day 7.0E-10 mg/kg-day 2.5E-02 

1.0E-07 2.1 E-06 mg/kg-day 5.0E-04 mg/kg-day 4.1 E-03 

-- -- -- 1.0E-02 mg/kg-day --

-- -- -- 2.0E-03 mg/kg-day --

-- -- -- 5.0E-04 mg/kg-day --

4.4E-07 2.9E-02 

1.3E-07 9.5E-12 mg/m3 4.0E-08 mg/m3 2.4E-04 

2.5E-12 7.0E-11 mg/m3 -- -- --

2.3E-06 2.7E-04 mg/m3 9.8E-02 mg/m3 2.8E-03 

-- 4.7E-03 mg/m3 -- -- --

4.2E-06 1.9E-03 mg/m3 2.0E-03 mg/m3 9.6E-01 

6.7E-06 9.7E-01 

1.2E-05 1.6E+OO 

1.2E-05 1.6E+OO 

1.2E-05 1.6E+OO 
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All Soil All Soil, Soil Ingestion 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 2.8E-11 mg/kg-day 1.3E+05 (mg/kg-day)-1 3.6E-06 2.5E-10 mg/kg-day 7.0E-10 mg/kg-day 3.5E-01 

ParticulatesNapors p,p'-DDT 50-29-3 5.8E-01 mg/kg 8.3E-07 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.8E-07 7.4E-06 mg/kg-day 5.0E-04 mg/kg-day 1.5E-02 

Chloroform 67-66-3 7.4E-01 mg/kg 1.1 E-06 mg/kg-day 3.1 E-02 (mg/kg-day)-1 3.3E-08 9.5E-06 mg/kg-day 1.0E-02 mg/kg-day 9.5E-04 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 3.4E-05 mg/kg-day -- -- -- 6.6E-05 mg/kg-day 2.0E-03 mg/kg-day 3.3E-02 

Trichloroethene 79-01-6 2.2E+OO mg/kg 5.4E-06 mg/kg-day 4.6E-02 (mg/kg-day)-1 2.5E-07 2.8E-05 mg/kg-day 5.0E-04 mg/kg-day 5.6E-02 

Exposure Route Total 4.1 E-06 4.5E-01 

Dermal 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 2.6E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 3.3E-07 1.7E-11 mg/kg-day 7.0E-10 mg/kg-day 2.5E-02 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 7.7E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.6E-08 5.2E-07 mg/kg-day 5.0E-04 mg/kg-day 1.0E-03 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 -- -- -- 1.0E-02 mg/kg-day --

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg -- -- -- -- -- -- -- 2.0E-03 mg/kg-day --

Trichloroethene 79-01-6 2.2E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 -- -- -- 5.0E-04 mg/kg-day --

Exposure Route Total 3.6E-07 2.6E-02 

Inhalation 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 3.5E-09 ug/m3 3.8E+01 (ug/m3)-1 1.3E-07 9.5E-12 mg/m3 4.0E-08 mg/m3 2.4E-04 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 6.6E-09 ug/m3 9.7E-05 (ug/m3)-1 6.4E-13 1.8E-11 mg/m3 -- -- --

Chloroform 67-66-3 7.4E-01 mg/kg 1.0E-01 ug/m3 2.3E-05 -- 2.3E-06 2.7E-04 mg/m3 9.8E-02 mg/m3 2.8E-03 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 2.0E+OO ug/m3 -- -- -- 2.0E-03 mg/m3 -- -- --

Trichloroethene 79-01-6 2.2E+OO mg/kg 5.1 E-01 ug/m3 4.1 E-06 (ug/m3)-1 2.1E-06 9.5E-04 mg/m3 2.0E-03 mg/m3 4.8E-01 

~f ~I I 

Exposure Point Total 

Exposure Medium Total 'E:J] 9~ 
I 9.0 9.6 
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Groundwater Groundwater Groundwater Ingestion 

Exposure Route Total 

Dermal 

Exposure Route Total 

Exposure Medium Total 

Vapors Indoor Air Inhalation 

(Domestic Use) 

I 

Indoor Air Inhalation 

(Vapor Intrusion) 

I 

Exposure Point Total 

Exposure Medium Total 

I 

Receptor Total: Groundwater+ Surface Soil 

Receptor Total: Groundwater+ All Soil 

Notes: 

Risk and noncancer hazard derivation for indoor air is in Attachment D-4. 

bgs 

CSF 

EPA 

EPC 

mg/kg 

mg/kg-day 

(mg/kg-day)-1 

mg/L 

mg/m3 

RAGS 

RfC 

RfD 

(ug/m3)-1 

Not available or not applicable 

Below ground surface 

Cancer slope factor 

U.S. Environmental Protection Agency 

Exposure point concentration 

Milligram per kilogram 

Milligram per kilogram per day 

1/(Milligram per kilogram per day) 

Milligram per liter 

Milligram per cubic meter 

Risk Assessment Guidance for Superfund 

Reference concentration 

Reference dose 

1/Microgram per cubic meter 

1 ,2-Dichloroethane 107-06-2 6.0E-01 ug/L 

1 ,2-Dichloroethylene (tote: 540-59-0 7.1 E+01 ug/L 

Trichloroethene 79-01-6 4.8E+02 ug/L 

Vinyl Chloride 75-01-4 3.4E+OO ug/L 

1 ,2-Dichloroethane 107-06-2 6.0E-01 ug/L 

1 ,2-Dichloroethylene (tote: 540-59-0 7.1 E+01 ug/L 

Trichloroethene 79-01-6 4.8E+02 ug/L 

Vinyl Chloride 75-01-4 3.4E+OO ug/L 

1 ,2-Dichloroethane 107-06-2 6.0E-01 ug/L 

1 ,2-Dichloroethylene (tote: 540-59-0 7.1 E+01 ug/L 

Trichloroethene 79-01-6 7.4E+OO ug/L 

Vinyl Chloride 75-01-4 3.4E+OO ug/L 

1 ,2-Dichloroethane 107-06-2 1.4E-02 ug/m3 

1 ,2-Dichloroethylene (tote: 540-59-0 6.1E+OO ug/m3 

Trichloroethene 79-01-6 9.3E+01 ug/m3 

Vinyl Chloride 75-01-4 2.5E+OO ug/m3 
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7.7E-06 mg/kg-day 9.1E-02 (mg/kg-day)-1 7.0E-07 3.0E-08 mg/kg-day 6.0E-03 mg/kg-day 5.0E-06 

2.8E-03 mg/kg-day -- -- -- 3.5E-06 mg/kg-day 2.0E-03 mg/kg-day 1.8E-03 

8.8E-03 mg/kg-day 4.6E-02 (mg/kg-day)-1 4.1 E-04 2.4E-05 mg/kg-day 5.0E-04 mg/kg-day 4.8E-02 

2.20E-04 mg/kg-day 7.2E-01 (mg/kg-day)-1 1.6E-04 1.7E-07 mg/kg-day 3.0E-03 mg/kg-day 5.7E-05 

5.7E-04 5.0E-02 

3.6E-07 mg/kg-day 9.1E-02 (mg/kg-day)-1 3.3E-08 1.3E-06 mg/kg-day 6.0E-03 mg/kg-day 2.1E-04 

3.4E-04 mg/kg-day -- -- -- 3.9E-04 mg/kg-day 2.0E-03 mg/kg-day 2.0E-01 

1.4E-03 mg/kg-day 4.6E-02 (mg/kg-day)-1 6.4E-05 3.5E-03 mg/kg-day 5.0E-04 mg/kg-day 7.0E+OO 

1.7E-05 mg/kg-day 7.2E-01 (mg/kg-day)-1 1.2E-05 1.1E-05 mg/kg-day 3.0E-03 mg/kg-day 3.8E-03 

7.7E-05 7.2E+OO 

6.4E-04 7.2E+OO 

1.1 E-01 ug/m3 2.6E-05 (ug/m3)-1 2.8E-06 2.9E-04 mg/m3 7.0E-03 mg/m3 4.1 E-02 

1.3E+01 ug/m3 -- -- -- 3.4E-02 mg/m3 -- -- --

1.9E+OO ug/m3 4.1 E-06 (ug/m3)-1 7.8E-06 3.6E-03 mg/m3 2.0E-03 mg/m3 1.8E+OO 

2.3E+OO ug/m3 4.4E-06 (ug/m3)-1 1.0E-05 1.6E-03 mg/m3 1.0E-01 mg/m3 1.6E-02 

1. 

5.0E-03 ug/m3 2.6E-05 (ug/m3)-1 1.3E-07 1.3E-05 mg/m3 7.0E-03 mg/m3 1.9E-03 

2.2E+OO ug/m3 -- -- -- 5.9E-03 mg/m3 -- -- --

4.8E+01 ug/m3 4.1 E-06 (ug/m3)-1 2.0E-04 9.0E-02 mg/m3 2.0E-03 mg/m3 4.5E+01 

3.4E+OO ug/m3 4.4E-06 (ug/m3)-1 1.5E-05 2.4E-03 mg/m3 1.0E-01 mg/m3 2.4E-02 

~f ~I 
3l ·a1 5. 

9E-04 6E+01 

9E-04 5E+01 
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TABLE 9.1.RME: EPA RAGS TABLE 9- FUTURE RESIDENT SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Aggregate and Child Resident 

Receptor Age: 0-26 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk 

Potential Concern Ingestion Dermal Inhalation Exposure Primary 

Routes Total Target Organ(s) 

SurfaceSoil SurfaceSoil, Surface Soil 2,3,7,8-TCDD Equivalent 1746-01-6 3.6E-06 3.3E-07 1.3E-07 4.1 E-06 
Reproductive, Hepatic, Endocrine, 

Respiratory, Hematologic, Developmental 

Particulates I Vapors p,p'-DDT 50-29-3 1.1E-06 1.0E-07 2.5E-12 1.2E-06 Hepatic 

Chloroform 67-66-3 3.3E-08 -- 2.3E-06 2.4E-06 Hepatic 

cis-1 ,2-Dichloroethylene 156-59-2 -- -- -- -- Urinary, Whole Body 

Trichloroethene 
79-01-6 

5.0E-07 -- 4.2E-06 4.7E-06 Developmental, Cardiovascular, Immune 

Chemical Total 5.2E-06 4.4E-07 6.7E-06 1.2E-05 

Exposure Point Total 1.2E-05 

!Exposure Medium Total II 1.2E-05 I 
Surface Soil Total 1.2E-05 

All Soil All Soil, All Soil 2,3,7,8-TCDD Equivalent 1746-01-6 3.6E-06 3.3E-07 1.3E-07 4.1 E-06 
Reproductive, Hepatic, Endocrine, 

Respiratory, Hematologic, Developmental 

Particulates I Vapors p,p'-DDT 50-29-3 2.8E-07 2.6E-08 6.4E-13 3.1E-07 Hepatic 

Chloroform 67-66-3 3.3E-08 -- 2.3E-06 2.4E-06 Hepatic 

cis-1 ,2-Dichloroethylene 156-59-2 -- -- -- -- Urinary, Whole Body 

Trichloroethene 79-01-6 2.5E-07 -- 2.1 E-06 2.3E-06 Developmental, Cardiovascular, Immune 

Chemical Total 

Exposure Point Total 9.0E-06 

!All Soil Total 9.0E-06 

All Soil Total 9.0E-06 

Groundwater Groundwater Groundwater 1 ,2-Dichloroethane 107-06-2 7.0E-07 3.3E-08 2.8E-06 3.5E-06 Urinary, Hepatic, Nervous 

Vapors 1 ,2-Dichloroethylene (total) 540-59-0 -- -- -- -- Hematologic 

(Domestic Use) Trichloroethene 79-01-6 4.1 E-04 6.4E-05 7.8E-06 4.8E-04 Developmental, Cardiovascular, Immune 

Vinyl Chloride 75-01-4 1.6E-04 1.2E-05 1.0E-05 1.8E-04 Hepatic 

Chemical Total 

Exposure Point Total 6.6E-04 

Domestic Use of Groundwater Total 6.6E-04 

Vapors Indoor Air 1 ,2-Dichloroethane 107-06-2 -- -- 1.3E-07 1.3E-07 Nervous 

(Vapor Intrusion) 1 ,2-Dichloroethylene (total) 540-59-0 -- -- -- -- --

Trichloroethene 79-01-6 -- -- 2.0E-04 2.0E-04 Developmental, Cardiovascular, Immune 

Vinyl Chloride 75-01-4 -- -- 1.5E-05 1.5E-05 Hepatic 

Chemical Total -- -- 2.1 E-04 2.1 E-04 
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Non-Carcinogenic Hazard Quotient 

Ingestion Dermal Inhalation Exposure 

Routes Total 

3.5E-01 2.5E-02 2.4E-04 3.8E-01 

5.8E-02 4.1 E-03 -- 6.2E-02 

9.5E-04 -- 2.8E-03 3.7E-03 

7.7E-02 -- -- 7.7E-02 

1.1 E-01 -- 9.6E-01 1.1E+OO 

6.0E-01 2.9E-02 9.7E-01 I 1.6E+OO I 
I 1.6E+OO I 
I 1.6E+OO I 

1.6E+OO 

3.5E-01 2.5E-02 2.4E-04 3.8E-01 

1.5E-02 1.0E-03 -- 1.6E-02 

9.5E-04 -- 2.8E-03 3.7E-03 

3.3E-02 -- -- 3.3E-02 

5.6E-02 -- 4.8E-01 5.3E-01 

4.5E-01 2.6E-02 4.8E-01 9.6E-01 

I 9.6E-01 I 
I 9.6E-01 I 
I 9.6E-01 I 

5.0E-06 2.1E-04 4.1 E-02 4.2E-02 

1.8E-03 2.0E-01 -- 2.0E-01 

4.8E-02 7.0E+OO 1.8E+OO 8.8E+OO 

5.7E-05 3.8E-03 1.6E-02 2.0E-02 

5.0E-02 7.2E+OO 1.8E+OO 9.1E+OO 

I 9.1E+OO I 
I 9.1 E+OO I 

-- -- 1.9E-03 1.9E-03 

-- -- -- --

-- -- 4.5E+01 4.5E+01 

-- -- 2.4E-02 2.4E-02 

-- -- 4.5E+01 4.5E+01 
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4.5E+01 

4.5E+01 

Groundwater Total 5.4E+01 

Receptor Total: Surface Soil +Groundwater 9E-04 6E+01 

Receptor Total: All Soil +Groundwater 9E-04 5E+01 

Page 5 of 43 

ED_001521A_00007994-00160 



TABLE 10.1.RME: EPA RAGS TABLE 10- FUTURE RESIDENT RISK AND HAZARD SUMMARY- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Aggregate and Child Resident 

Receptor Age: 0-26 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk 

Potential Concern Ingestion Dermal Inhalation Exposure 

Routes Total 

SurfaceSoil SurfaceSoil, Surface Soil 2,3,7,8-TCDD Equivalent 1746-01-6 3.6E-06 3.3E-07 1.3E-07 4.1 E-06 

Particulates I Vapors p,p'-DDT 50-29-3 1.1E-06 1.0E-07 2.5E-12 1.2E-06 

Chloroform 67-66-3 3.3E-08 -- 2.3E-06 2.4E-06 

Trichloroethene 79-01-6 S.OE-07 -- 4.2E-06 4.7E-06 

Chemical Total 5.2E-06 4.4E-07 6.7E-06 1.2E-05 

Exposure Point Total 1.2E-05 

I 1.2E-05 

Surface Soil Total 1.2E-05 

All Soil All Soil, All Soil 2,3,7,8-TCDD Equivalent 1746-01-6 3.6E-06 3.3E-07 1.3E-07 4.1 E-06 

Particulates I Vapors Chloroform 67-66-3 3.3E-08 -- 2.3E-06 2.4E-06 

Trichloroethene 79-01-6 2.5E-07 -- 2.1 E-06 2.3E-06 

Chemical Total 

Exposure Point Total 8.7E-06 

~II Soil Total II 8.7E-06 

All Soil Total II 8.7E-06 
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Non-Carcinogenic Hazard Quotient 

Primary Ingestion Dermal Inhalation Exposure 

Target Organ(s) Routes Total 

Reproductive, Hepatic, Endocrine, 
3.5E-01 2.5E-02 2.4E-04 3.8E-01 

Respiratory, Hematologic, Developmental 

Hepatic 5.8E-02 4.1 E-03 -- 6.2E-02 

Hepatic 9.5E-04 -- 2.8E-03 3.7E-03 

Developmental, Cardiovascular, Immune 1.1E-01 -- 9.6E-01 1.1E+OO 

5.2E-01 2.9E-02 9.7E-01 1.5E+OO 

1.5E+OO 

1.5E+OO 

Reproductive, Hepatic, Endocrine, 
3.5E-01 2.5E-02 2.4E-04 3.8E-01 

Respiratory, Hematologic, Developmental 

Hepatic 9.5E-04 -- 2.8E-03 3.7E-03 

Developmental, Cardiovascular, Immune 5.6E-02 -- 4.8E-01 5.3E-01 

4.1 E-01 2.5E-02 4.8E-01 

9.1 E-01 

I I 9.1 E-01 I 
9.1E-01 
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Groundwater Groundwater Groundwater 1 ,2-Dichloroethane 107-06-2 7.0E-07 3.3E-08 2.8E-06 3.5E-06 Urinary, Hepatic, Nervous 5.0E-06 2.1 E-04 4.1 E-02 4.2E-02 

Vapors Trichloroethene 79-01-6 4.1 E-04 6.4E-05 7.8E-06 4.8E-04 Developmental, Cardiovascular, Immune 4.8E-02 7.0E+OO 1.8E+OO 8.8E+OO 

(Domestic Use) Vinyl Chloride 75-01-4 1.6E-04 1.2E-05 1.0E-05 1.8E-04 Hepatic 5.7E-05 3.8E-03 1.6E-02 2.0E-02 

Chemical Total 4.8E-02 7.0E+OO 1.8E+OO 

Exposure Point Total 6.6E-04 

Domestic Use of Groundwater Total 6.6E-04 I 8.9E+OO I 
Vapors Indoor Air Trichloroethene 79-01-6 -- -- 2.0E-04 2.0E-04 Developmental, Cardiovascular, Immune -- -- 4.5E+01 4.5E+01 

(Vapor Intrusion) Vinyl Chloride 75-01-4 -- -- 1.5E-05 1.5E-05 Hepatic -- -- 2.4E-02 2.4E-02 

Chemical Total -- -- 2.1 E-04 2.1 E-04 -- -- 4.5E+01 4.5E+01 

Exposure Point Total 2.1 E-04 4.5E+01 I 
II 

~ ~ ·~· I 2.1E-04 4.5E+01 I 
Groundwater Total 8.7E-04 5.4E+01 I 
Receptor Total: Surface Soil+ Groundwater 9E-04 6E+01 I 
!Receptor Total: All Soil+ Groundwater II 9E-04 I 5E+01 I 
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TABLE 7.2.RME: EPA RAGS TABLE 7- FUTURE COMMERCIAL/INDUSTRIAL WORKER CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Commercial/Industrial Worker 

Receptor Age: Adult 

Cancer Risk Calculations Noncancer Hazard Quotient 
Intake/Exposure Intake/Exposure 

Exposure Exposure Exposure Chemical of EPC Concentration CSF I Unit Risk Cancer Concentration RfD/ RfC Hazard 
Medium Medium Point Route Potential Concern CAS No. Value Units Value Units Value Units Risk Value Units Value Units Quotient 

Surface Soil Surface Soil, Surface Soil Ingestion 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 2.9E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 3.8E-07 8.2E-12 mg/kg-day 7.0E-10 mg/kg-day 1.2E-02 

ParticulatesNapors p,p'-DDT 50-29-3 2.3E+OO mg/kg 3.5E-07 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.2E-07 9.7E-07 mg/kg-day 5.0E-04 mg/kg-day 1.9E-03 

Chloroform 67-66-3 7.4E-01 mg/kg 1.1 E-07 mg/kg-day 3.1 E-02 (mg/kg-day)-1 3.5E-09 3.2E-07 mg/kg-day 1.0E-02 mg/kg-day 3.2E-05 

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg 1.8E-06 mg/kg-day -- -- -- 5.2E-06 mg/kg-day 2.0E-03 mg/kg-day 2.6E-03 

Trichloroethene 79-01-6 4.4E+OO mg/kg 6.7E-07 mg/kg-day 4.6E-02 (mg/kg-day)-1 3.1 E-08 1.9E-06 mg/kg-day 5.0E-04 mg/kg-day 3.8E-03 

I 

Dermal 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 7.4E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 9.7E-08 2.1E-12 mg/kg-day 7.0E-10 mg/kg-day 3.0E-03 

p,p'-DDT 50-29-3 2.3E+OO mg/kg 8.8E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.0E-08 2.5E-07 mg/kg-day 5.0E-04 mg/kg-day 4.9E-04 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 -- -- -- 1.0E-02 mg/kg-day --

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg -- -- -- -- -- -- -- 2.0E-03 mg/kg-day --

Trichloroethene 79-01-6 4.4E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 -- -- -- 5.0E-04 mg/kg-day --

Exposure Route Total 1.3E-07 3.5E-03 

Inhalation 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 8.0E-10 ug/m3 3.8E+01 (ug/m3)-1 3.1 E-08 2.3E-15 mg/m3 4.0E-08 mg/m3 5.6E-08 

p,p'-DDT 50-29-3 2.3E+OO mg/kg 6.0E-09 ug/m3 9.7E-05 (ug/m3)-1 5.8E-13 1.7E-14 mg/m3 -- -- --

Chloroform 67-66-3 7.4E-01 mg/kg 2.3E-02 ug/m3 2.3E-05 -- 5.3E-07 6.5E-08 mg/m3 9.8E-02 mg/m3 6.6E-07 

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg 4.0E-01 ug/m3 -- -- -- 1.1 E-06 mg/m3 -- -- --

Trichloroethene 79-01-6 4.4E+OO mg/kg 1.6E-01 ug/m3 4.1 E-06 (ug/m3)-1 6.7E-07 4.6E-07 mg/m3 2.0E-03 mg/m3 2.3E-04 

Exposure Route Total 1.2E-06 2.3E-04 

Exposure Point Total 1.9E-06 2.4E-02 

Exposure Medium Total 1.9E-06 2.4E-02 

Medium Total 
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All Soil All Soil, Soil Ingestion 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 2.9E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 3.8E-07 8.2E-12 mg/kg-day 7.0E-10 mg/kg-day 1.2E-02 

ParticulatesNapors p,p'-DDT 50-29-3 5.8E-01 mg/kg 8.8E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.0E-08 2.5E-07 mg/kg-day 5.0E-04 mg/kg-day 4.9E-04 

Chloroform 67-66-3 7.4E-01 mg/kg 1.1 E-07 mg/kg-day 3.1 E-02 (mg/kg-day)-1 3.5E-09 3.2E-07 mg/kg-day 1.0E-02 mg/kg-day 3.2E-05 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 7.9E-07 mg/kg-day -- -- -- 2.2E-06 mg/kg-day 2.0E-03 mg/kg-day 1.1 E-03 

Trichloroethene 79-01-6 2.2E+OO mg/kg 3.3E-07 mg/kg-day 4.6E-02 (mg/kg-day)-1 1.5E-08 9.3E-07 mg/kg-day 5.0E-04 mg/kg-day 1.9E-03 

I 

Dermal 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 7.4E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 9.7E-08 2.1E-12 mg/kg-day 7.0E-10 mg/kg-day 3.0E-03 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 2.2E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 7.6E-09 6.3E-08 mg/kg-day 5.0E-04 mg/kg-day 1.3E-04 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 -- -- -- 1.0E-02 mg/kg-day --

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg -- -- -- -- -- -- -- 2.0E-03 mg/kg-day --

Trichloroethene 79-01-6 2.2E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 -- -- -- 5.0E-04 mg/kg-day --

Exposure Route Total 1.0E-07 3.1 E-03 

Inhalation 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 8.0E-10 ug/m3 3.8E+01 (ug/m3)-1 3.1 E-08 2.3E-12 mg/m3 4.0E-08 mg/m3 5.6E-05 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 1.5E-09 ug/m3 9.7E-05 (ug/m3)-1 1.5E-13 4.3E-12 mg/m3 -- -- --

Chloroform 67-66-3 7.4E-01 mg/kg 2.3E-02 ug/m3 2.3E-05 -- 5.3E-07 6.5E-05 mg/m3 9.8E-02 mg/m3 6.6E-04 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 1.7E-01 ug/m3 -- -- -- 4.7E-04 mg/m3 -- -- --

Trichloroethene 79-01-6 2.2E+OO mg/kg 8.1 E-02 ug/m3 4.1 E-06 (ug/m3)-1 3.3E-07 2.3E-04 mg/m3 2.0E-03 mg/m3 1.1E-01 

~ ~I I 

!Exposure Point Total 

Exposure Medium Total iS Gal Medium Total 

Groundwater Groundwater Groundwater Ingestion 1 ,2-Dichloroethane 107-06-2 6.0E-01 ug/L 2.3E-06 mg/kg-day 9.1 E-02 (mg/kg-day)-1 2.1E-07 6.4E-06 mg/kg-day 6.0E-03 mg/kg-day 1.1 E-03 

1 ,2-Dichloroethylene (tot 540-59-0 7.1 E+01 ug/L 2.7E-04 mg/kg-day -- -- -- 7.6E-04 mg/kg-day 2.0E-03 mg/kg-day 3.8E-01 

Trichloroethene 79-01-6 4.8E+02 ug/L 1.8E-03 mg/kg-day 4.6E-02 (mg/kg-day)-1 8.4E-05 5.1 E-03 mg/kg-day 5.0E-04 mg/kg-day 1.0E+01 

Vinyl Chloride 75-01-4 3.4E+OO ug/L 1.30E-05 mg/kg-day 7.2E-01 (mg/kg-day)-1 9.4E-06 3.6E-05 mg/kg-day 3.0E-03 mg/kg-day 1.2E-02 

!Exposure Route Total I 9.4E-05 1.1E+01 

Exposure Medium Total 9.4E-05 1.1E+01 

Vapors Indoor Air Inhalation 1 ,2-Dichloroethane 107-06-2 6.0E-01 ug/L 2.5E-02 ug/m3 2.6E-05 (ug/m3)-1 6.4E-07 6.9E-05 mg/m3 7.0E-03 mg/m3 9.9E-03 

(Domestic Use) 1 ,2-Dichloroethylene (tot 540-59-0 7.1 E+01 ug/L 2.9E+OO ug/m3 -- -- -- 8.2E-03 mg/m3 -- -- --

Trichloroethene 79-01-6 7.4E+OO ug/L 3.0E-01 ug/m3 4.1 E-06 (ug/m3)-1 1.2E-06 8.5E-04 mg/m3 2.0E-03 mg/m3 4.3E-01 

Vinyl Chloride 75-01-4 3.4E+OO ug/L 1.4E-01 ug/m3 4.4E-06 (ug/m3)-1 6.1E-07 3.9E-04 mg/m3 1.0E-01 mg/m3 3.9E-03 

Exposure Route Total 2.5E-06 4.4E-01 

Indoor Air Inhalation 1 ,2-Dichloroethane 107-06-2 1.4E-02 ug/m3 1.1 E-03 ug/m3 2.6E-05 (ug/m3)-1 3.0E-08 3.2E-06 mg/m3 7.0E-03 mg/m3 4.6E-04 

(Vapor Intrusion) 1 ,2-Dichloroethylene (tot 540-59-0 6.1E+OO ug/m3 5.1 E-01 ug/m3 -- -- -- 1.4E-03 mg/m3 -- -- --

Trichloroethene 79-01-6 9.3E+01 ug/m3 7.6E+OO ug/m3 4.1 E-06 (ug/m3)-1 3.1E-05 2.1 E-02 mg/m3 2.0E-03 mg/m3 1.1E+01 

Vinyl Chloride 75-01-4 2.5E+OO ug/m3 2.1 E-01 ug/m3 4.4E-06 (ug/m3)-1 9.1E-07 5.8E-04 mg/m3 1.0E-01 mg/m3 5.8E-03 

!Exposure Route Total I 3.2E-05 1.1E+01 

Exposure Point Total 3.5E-05 1.1E+01 

Exposure Medium Total 3.5E-05 1.1E+01 

Medium Total 1.3E-04 2.2E+01 
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Receptor Total: Groundwater+ Surface Soil 1E-04 2E+01 

Receptor Total: Groundwater+ All Soil 1E-04 2E+01 

Notes: 

Not available or not applicable (mg/kg-day)-1 1/(Milligram per kilogram per day; 

bgs Below ground surface mg/L Milligram per liter 

CSF Cancer slope factor mg/m3 Milligram per cubic meter 

EPA U.S. Environmental Protection Agency RAGS Risk Assessment Guidance for Superfund 

EPC Exposure point concentration RfC Reference concentration 

mg/kg Milligram per kilogram RfD Reference dose 

mg/kg-day Milligram per kilogram per day (ug/m3)-1 1/Microgram per cubic meter 
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TABLE 9.2.RME: EPA RAGS TABLE 9- FUTURE COMMERCIAL/INDUSTRIAL WORKER SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Commercial/Industrial Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Potential Concern Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Routes Total Target Organ(s) Routes Total 

Reproductive, Hepatic, Endocrine, 
SurfaceSoil SurfaceSoil, Surface Soil 2,3,7,8-TCDD Equivalent 1746-01-6 3.8E-07 9.7E-08 3.1 E-08 5.1 E-07 Respiratory, Hematologic, 1.2E-02 3.0E-03 5.6E-08 1.5E-02 

Developmental 

Particulates I Vapors p,p'-DDT 50-29-3 1.2E-07 3.0E-08 5.8E-13 1.5E-07 Hepatic 1.9E-03 4.9E-04 -- 2.4E-03 

Chloroform 67-66-3 3.5E-09 -- 5.3E-07 5.4E-07 Hepatic 3.2E-05 -- 6.6E-07 3.2E-05 

cis-1 ,2-Dichloroethylene 156-59-2 -- -- -- -- Urinary, Whole Body 2.6E-03 -- -- 2.6E-03 

Trichloroethene 
79-01-6 

3.1 E-08 -- 6.7E-07 7.0E-07 Developmental, Cardiovascular, Immune 3.8E-03 -- 2.3E-04 4.0E-03 

!chemical Total 5.3E-07 1.3E-07 1.2E-06 1.9E-06 2.0E-02 3.5E-03 2.3E-04 2.4E-02 

Exposure Point Total 1.9E-06 I 2.4E-02 

Exposure Medium Total 1.9E-06 I 2.4E-02 

al 2.4E-02 

Reproductive, Hepatic, Endocrine, 
All Soil All Soil, All Soil 2,3,7,8-TCDD Equivalent 1746-01-6 3.8E-07 9.7E-08 3.1 E-08 5.1 E-07 Respiratory, Hematologic, 1.2E-02 3.0E-03 5.6E-05 1.5E-02 

Developmental 

Particulates I Vapors p,p'-DDT 50-29-3 3.0E-08 7.6E-09 1.5E-13 3.7E-08 Hepatic 4.9E-04 1.3E-04 -- 6.2E-04 

Chloroform 67-66-3 3.5E-09 -- 5.3E-07 5.4E-07 Hepatic 3.2E-05 -- 6.6E-04 6.9E-04 

cis-1 ,2-Dichloroethylene 156-59-2 -- -- -- -- Urinary, Whole Body 1.1E-03 -- -- 1.1 E-03 

Trichloroethene 79-01-6 1.5E-08 -- 3.3E-07 3.5E-07 Developmental, Cardiovascular, Immune 1.9E-03 -- 1.1E-01 1.2E-01 

~f 
!chemical Total 1.5E-02 3.1 E-03 1.1E-01 1.3E-01 

Exposure Point Total I 1.3E-01 

~II Soil Total II 1.4E-06 I I 1.3E-01 

~II Soil Total 1.4E-06 I 1.3E-01 

Groundwater Groundwater Groundwater 1 ,2-Dichloroethane 107-06-2 2.1E-07 -- 6.4E-07 8.5E-07 Urinary, Hepatic, Nervous 1.1E-03 -- 9.9E-03 1.1 E-02 

Vapors 1 ,2-Dichloroethylene (total) 540-59-0 -- -- -- -- Hematologic 3.8E-01 -- -- 3.8E-01 

(Domestic Use) Trichloroethene 79-01-6 8.4E-05 -- 1.2E-06 8.6E-05 Developmental, Cardiovascular, Immune 1.0E+01 -- 4.3E-01 1.1E+01 

Vinyl Chloride 75-01-4 9.4E-06 -- 6.1 E-07 1.0E-05 Hepatic 1.2E-02 -- 3.9E-03 1.6E-02 

!chemical Total 9.4E-05 -- 2.5E-06 9.6E-05 1.1E+01 -- 4.4E-01 1.1E+01 

Exposure Point Total 9.6E-05 I 1.1E+01 

Domestic Use of Groundwater Total 9.6E-05 I 1.1E+01 

Vapors Indoor Air 1 ,2-Dichloroethane 107-06-2 -- -- 3.0E-08 3.0E-08 Nervous -- -- 4.6E-04 4.6E-04 

(Vapor Intrusion) 1 ,2-Dichloroethylene (total) 540-59-0 -- -- -- -- -- -- -- -- --

Trichloroethene 79-01-6 -- -- 3.1 E-05 3.1E-05 Developmental, Cardiovascular, Immune -- -- 1.1E+01 1.1E+01 

Vinyl Chloride 75-01-4 -- -- 9.1E-07 9.1E-07 Hepatic -- -- 5.8E-03 5.8E-03 

!chemical Total -- -- 3.2E-05 3.2E-05 -- -- 1.1E+01 1.1E+01 

Exposure Point Total 

J~l 
1.1E+01 

jvapor Intrusion from Groundwater Total 1.1E+01 

Groundwater Total 1.3E-04 2.2E+01 

Receptor Total: Surface Soil +Groundwater 1E-04 2E+01 

Receptor Total: All Soil +Groundwater 1E-04 2E+01 
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TABLE 10.2.RME: EPA RAGS TABLE 10 -FUTURE COMMERICALIINDUSTRIAL WORKER RISK AND HAZARD SUMMARY- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Commercial/Industrial Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk 

Potential Concern Ingestion Dermal Inhalation Exposure Primary 

Routes Total Target Organ(s) 

SurfaceSoil SurfaceSoil, Surface Soil Trichloroethene 
79-01-6 

3.1 E-08 -- 6.7E-07 7.0E-07 Developmental, Cardiovascular, Immune 

Particulates I Vapors 

!chemical Total 13.1E-08 -- 6.7E-07 7.0E-07 

Exposure Point Total 7.0E-07 

Exposure Medium Total 7.0E-07 

I Total 

All Soil All Soil, All Soil Trichloroethene 79-01-6 1.5E-08 -- 3.3E-07 3.5E-07 Developmental, Cardiovascular, Immune 

Particulates I Vapors 

!chemical Total I 1.5E-08 -- 3.3E-07 3.5E-07 

Exposure Point Total 3.5E-07 

jAil Soil Total 3.5E-07 

jAil Soil Total 3.5E-07 

Groundwater Groundwater Groundwater Trichloroethene 79-01-6 8.4E-05 -- 1.2E-06 8.6E-05 Developmental, Cardiovascular, Immune 

Vapors Vinyl Chloride 75-01-4 9.4E-06 -- 6.1 E-07 1.0E-05 Hepatic 

(Domestic Use) 

E Chemical Total -- 1.9E-06 

Exposure Point Total 9.6E-05 

Domestic Use of Groundwater Total 9.6E-05 

Vapors Indoor Air Trichloroethene 79-01-6 -- -- 3.1 E-05 3.1 E-05 Developmental, Cardiovascular, Immune 

(Vapor Intrusion) 

!chemical Total I -- -- 3.1 E-05 3.1 E-05 

Exposure Point Total 3.1 E-05 

jvapor Intrusion from Groundwater Total 

Groundwater Total 1.3E-04 

Receptor Total: Surface Soil +Groundwater 1E-04 

Receptor Total: All Soil +Groundwater 1E-04 
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Non-Carcinogenic Hazard Quotient 

Ingestion Dermal Inhalation Exposure 

Routes Total 

3.8E-03 -- 2.3E-04 4.0E-03 

3.8E-03 -- 2.3E-04 I 4.0E-03 I 
I 4.0E-03 I 
I 4.0E-03 I 

4.0E-03 

1.9E-03 -- 1.1E-01 1.2E-01 

1.9E-03 -- 1.1E-01 I 1.2E-01 I 
I 1.2E-01 I 
I 1.2E-01 I 
I 1.2E-01 I 

1.0E+01 -- 4.3E-01 1.1E+01 

1.2E-02 -- 3.9E-03 1.6E-02 

1.0E+01 -- 4.3E-01 1.1E+01 

I 1.1E+01 I 
I 1.1E+01 I 

-- -- 1.1E+01 1.1E+01 

-- -- 1.1E+01 I 1.1E+01 I 
1.1E+01 I 
1.1E+01 I 
2.1 E+01 I 
2E+01 I 
2E+01 I 
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TABLE 7.3.RME: EPA RAGS TABLE 7- FUTURE OUTDOOR WORKER CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Outdoor Worker 

Receptor Age: Adult 

Cancer Risk Calculations 
mtaKett:xposure 

Exposure Exposure Exposure Chemical of EPC Concentration CSF I Unit Risk 

Medium Medium Point Route Potential Concern CAS No. Value Units Value Units Value Units 

Surface Soil Surface Soil Surface Soil Ingestion 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 5.3E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 

Particulates p,p'-DDT 50-29-3 2.3E+OO mg/kg 6.2E-07 mg/kg-day 3.4E-01 (mg/kg-day)-1 

and Vapors Chloroform 67-66-3 7.4E-01 mg/kg 2.0E-07 mg/kg-day 3.1 E-02 (mg/kg-day)-1 

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg 3.3E-06 mg/kg-day -- --

Trichloroethene 79-01-6 4.4E+OO mg/kg 1.2E-06 mg/kg-day 4.6E-02 (mg/kg-day)-1 

!Exposure Route Total II 
Dermal 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 6.7E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 

p,p'-DDT 50-29-3 2.3E+OO mg/kg 7.9E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg -- -- -- --

Trichloroethene 79-01-6 4.4E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 

!Exposure Route Total II 
Inhalation 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 7.2E-10 ug/m3 3.8E+01 (ug/m3)-1 

p,p'-DDT 50-29-3 2.3E+OO mg/kg 5.4E-09 ug/m3 9.7E-05 (ug/m3)-1 

Chloroform 67-66-3 7.4E-01 mg/kg 2.1 E-02 ug/m3 2.3E-05 --

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg 3.6E-01 ug/m3 -- --

Trichloroethene 79-01-6 4.4E+OO mg/kg 1.5E-01 ug/m3 4.1 E-06 (ug/m3)-1 

Exposure Route Total 

!Exposure Point Total II 

Cancer 
Risk 

6.9E-07 

2.1E-07 

6.3E-09 

--

5.6E-08 

9.6E-07 I 
8.7E-08 

2.7E-08 

--

--

--

1.1 E-07 I 
2.8E-08 

5.2E-13 

4.8E-07 

--

6.1E-07 

1.1 E-06 

2.2E-06 I 
Exposure Medium Total 

~ Medium Total 
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Noncancer Hazard Quotient 
mtaKett:xposure 
Concentration RfD/ RfC Hazard 

Value Units Value Units Quotient 

1.5E-11 mg/kg-day 7.0E-10 mg/kg-day 2.1 E-02 

1.7E-06 mg/kg-day 5.0E-04 mg/kg-day 3.5E-03 

5.7E-07 mg/kg-day 1.0E-02 mg/kg-day 5.7E-05 

9.3E-06 mg/kg-day 2.0E-03 mg/kg-day 4.6E-03 

3.4E-06 mg/kg-day 5.0E-04 mg/kg-day 6.8E-03 

3.6E-02 

1.9E-12 mg/kg-day 7.0E-10 mg/kg-day 2.7E-03 

2.2E-07 mg/kg-day 5.0E-04 mg/kg-day 4.4E-04 

-- -- 1.0E-02 mg/kg-day --

-- -- 2.0E-03 mg/kg-day --

-- -- 5.0E-04 mg/kg-day --

3.1 E-03 

2.0E-12 mg/m3 4.0E-08 mg/m3 5.1 E-05 

1.5E-11 mg/m3 -- -- --

5.8E-05 mg/m3 9.8E-02 mg/m3 5.9E-04 

1.0E-03 mg/m3 -- -- --

4.1 E-04 mg/m3 2.0E-03 mg/m3 2.1 E-01 

2.1 E-01 

I 2.5E-01 I 
2.5E-01 
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TABLE 7.3.RME: EPA RAGS TABLE 7- FUTURE OUTDOOR WORKER CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Outdoor Worker 

Receptor Age: Adult 

Medium 

All Soil 

Exposure 
Medium 

All Soil 

Particulates 

and Vapors 

Exposure 
Point 

All Soil 

Exposure 
Route 

Ingestion 

!Exposure Route Total 

Dermal 

!Exposure Route Total 

Inhalation 

Exposure Route Total 

Chemical of 
Potential Concern 

EPC 

CAS No. Value Units 

Cancer Risk Calculations 
mtaKe/t:xposure 
Concentration CSF I Unit Risk 

Value Units Value Units 
Cancer 

Risk 

Noncancer Hazard Quotient 
mtaKe/t:xposure 
Concentration RfD I RfC 

Value Units Value Units 

2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 5.3E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 6.9E-07 1.5E-11 mg/kg-day 7.0E-10 mg/kg-day 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 1.6E-07 mg/kg-day 3.4E-01 (mg/kg-day)-1 5.4E-08 4.4E-07 mg/kg-day 5.0E-04 mg/kg-day 

Chloroform 67-66-3 7.4E-01 mg/kg 2.0E-07 mg/kg-day 3.1 E-02 (mg/kg-day)-1 6.3E-09 5.7E-07 mg/kg-day 1.0E-02 mg/kg-day 

cis-1 ,2-Dichloroethylene 156-59-2 5.1 E+OO mg/kg 1.4E-06 mg/kg-day 4.0E-06 mg/kg-day 2.0E-03 mg/kg-day 

Trichloroethene 79-01-6 2.2E+OO mg/kg 6.0E-07 mg/kg-day 4.6E-02 (mg/kg-day)-1 2.8E-08 1.7E-06 mg/kg-day 5.0E-04 mg/kg-day 

II 7.7E-07 I 

2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 6.7E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 8.7E-08 1.9E-12 mg/kg-day 7.0E-10 mg/kg-day 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 2.0E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 6.8E-09 5.6E-08 mg/kg-day 5.0E-04 mg/kg-day 

Chloroform 67-66-3 

cis-1 ,2-Dichloroethylene 156-59-2 

Trichloroethene 79-01-6 

7.4E-01 mg/kg 

5.1 E+OO mg/kg 

2.2E+OO mg/kg 

2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 7.2E-10 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 1.4E-09 

Chloroform 67-66-3 7.4E-01 mg/kg 2.1 E-02 

cis-1 ,2-Dichloroethylene 156-59-2 5.1 E+OO mg/kg 1.5E-01 

Trichloroethene 79-01-6 2.2E+OO mg/kg 7.3E-02 

ug/m3 

ug/m3 

ug/m3 

ug/m3 

ug/m3 

3.1 E-02 (mg/kg-day)-1 

4.6E-02 (mg/kg-day)-1 

3.8E+01 

9.7E-05 

2.3E-05 

4.1 E-06 

(ug/m3)-1 

(ug/m3)-1 

(ug/m3)-1 

1.0E-02 mg/kg-day 

2.0E-03 mg/kg-day 

5.0E-04 mg/kg-day 

II 9.4E-08 I 

2.8E-08 2.0E-12 mg/m3 4.0E-08 mg/m3 

1.3E-13 3.8E-12 mg/m3 --

4.8E-07 5.8E-05 mg/m3 9.8E-02 mg/m3 

4.3E-04 mg/m3 

3.0E-07 2.0E-04 mg/m3 2.0E-03 mg/m3 

8.1E-07 

Exposure Point Total I 1. 7E-06 I 

Hazard 
Quotient 

2.1 E-02 

8.9E-04 

5.7E-05 

2.0E-03 

3.4E-03 

2.7E-02 

2.7E-03 

1.1 E-04 

I 2.8E-03 I 
5.1 E-05 

5.9E-04 

1.0E-01 

1.0E-01 

I 1.3E-01 I 

I~M=e=d=iu=m==T=ot=a=I======IE=x=po=s=u=re=M==ed=i=um==T=o=ta=I========================================================================T=o-•==-=,,=o==.======o;· =~~~ 1.7E-06 -•o ~~.3E-011 
Receptor Total: Surface Soil 

Receptor Total: All Soil Total of Receptor Risks Across All Media 2E-06 Total of Receptor Hazards Across All Media 1 E-01 

Notes: 

bgs 

CAS 

CSF 

EPA 

EPC 

mg/kg 

mg/kg-day 

(mg/kg-day)-1 

mg/m3 

Not available or not applicable 

Below ground surface 

Chemical Abstract Service 

Cancer slope factor 

U.S. Environmental Protection Agency 

Exposure point concentration 

Milligram per kilogram 

Milligram per kilogram per day 

1/(Milligram per kilogram per day) 

Milligram per cubic meter 

RAGS 

RfC 

RfD 

(ug/m3)-1 

(mg/kg-day)-1 

mg/m3 

RAGS 

RfC 

RfD 

(ug/m3)-1 

Risk Assessment Guidance for Superfund 

Reference concentration 

Reference dose 

1/Microgram per cubic meter 

1/(Milligram per kilogram per day; 

Milligram per cubic meter 

Risk Assessment Guidance for Superfund 

Reference concentration 

Reference dose 

1/Microgram per cubic meter 
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TABLE 9.3.RME: EPA RAGS TABLE 9- FUTURE OUTDOOR WORKER SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Outdoor Worker 

Receptor Age: Adult 

Medium Exposure Medium 

Surface Soil Surface Soil, 

Particulates/Vapors 

!surface Soil 

All Soil All Soil 

Particulates/Vapors 

jAil Soil 

!Receptor Total: Surface Soil 

!Receptor Total: All Soil 

Exposure Point 

Surface Soil 

Particulates/Vapors 

!Exposure Point Total 

All Soil 

Particulates/Vapors 

!Exposure Point Total 

Chemical of CAS No. 

Potential Concern Ingestion 

2,3,7,8-TCDD Equivalen 1746-01-E 6.9E-07 

p,p'-DDT 50-29-3 2.1 E-07 

Chloroform 67-66-3 6.3E-09 

cis-1 ,2-Dichloroethylene 156-59-2 --

Trichloroethene 79-01-6 5.6E-08 

!chemical Total II 9.6E-07 

2,3,7,8-TCDD Equivalen 1746-01-E 6.9E-07 

p,p'-DDT 50-29-3 5.4E-08 

Chloroform 67-66-3 6.3E-09 

cis-1 ,2-Dichloroethylene 156-59-2 --

Trichloroethene 79-01-6 2.8E-08 

I 7.7E-07 

I 
I 
I 

Carcinogenic Risk 

Dermal Inhalation Exposure Primary 

Routes Total Target Organ(s) 

8.7E-08 2.8E-08 8.0E-07 
Reproductive, Hepatic, Endocrine, 

Respiratory, Hematologic, Developmenta 

2.7E-08 5.2E-13 2.4E-07 Hepatic 

-- 4.8E-07 4.9E-07 Hepatic 

-- -- -- Urinary, Whole Body 

-- 6.1E-07 6.6E-07 Developmental, Cardiovascular, Immune 

I 1.1 E-07 I 1.1 E-06 II 2.2E-06 II 

II 2.2E-06 I 
II 2.2E-06 I 

8.7E-08 2.8E-08 8.0E-07 
Reproductive, Hepatic, Endocrine, 

Respiratory, Hematologic, Developmenta 

6.8E-09 1.3E-13 6.1 E-08 Hepatic 

-- 4.8E-07 4.9E-07 Hepatic 

-- -- -- Urinary, Whole Body 

-- 3.0E-07 3.3E-07 Developmental, Cardiovascular, Immune 

9.4E-08 8.1E-07 1.7E-06 

1.7E-06 

2E-06 

2E-06 
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Non-Carcinogenic Hazard Quotient 

Ingestion Dermal Inhalation Exposure 

Routes Total 

2.1 E-02 2.7E-03 5.1 E-05 2.4E-02 

3.5E-03 4.4E-04 -- 3.9E-03 

5.7E-05 -- 5.9E-04 6.5E-04 

4.6E-03 -- -- 4.6E-03 

6.8E-03 -- 2.1 E-01 2.1 E-01 

I 3.6E-02 I 3.1E-03 I 2.1 E-01 II 2.5E-01 I 
I 2.5E-01 I 
I 2.5E-01 I 

2.1 E-02 2.7E-03 5.1 E-05 2.4E-02 

8.9E-04 1.1 E-04 -- 1.0E-03 

5.7E-05 -- 5.9E-04 6.5E-04 

2.0E-03 -- -- 2.0E-03 

3.4E-03 -- 1.0E-01 1.1E-01 

2.7E-02 2.8E-03 1.0E-01 1.3E-01 

I 1.3E-01 I 
I 2E-01 I 
I 1 E-01 I 
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TABLE 10.3.RME: EPA RAGS TABLE 10- FUTURE OUTDOOR WORKER RISK AND HAZARD SUMMARY- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Outdoor Worker 

Receptor Age: Adult 

Medium Exposure Medium 

Surface Soil Surface Soil, 

Particulates/Vapors 

!surface Soil 

All Soil All Soil 

Particulates/Vapors 

jAil Soil 

!Receptor Total: Surface Soil 

!Receptor Total: All Soil 

Exposure Point Chemical of 

Potential Concern 

Surface Soil --

Particulates/Vapors 

Chemical Total 

!Exposure Point Total 

All Soil --

Particulates/Vapors 

!Exposure Point Total 

CAS No. Carcinogenic Risk 

Ingestion Dermal Inhalation 

-- -- -- --

-- -- --

II 
II 

--

I 

--

I 

--

I 

--

I 
II -- I -- I -- II 

I 
I I 
I I 
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Non-Carcinogenic Hazard Quotient 

Exposure Primary Ingestion Dermal Inhalation Exposure 

Routes Total Target Organ(s) Routes Total 

-- -- -- -- -- --

-- -- -- -- --

-- I I -- I 
-- I I -- I 
-- --

I 

--

I 

--

I 

--

I 

--

I 
-- I -- I -- I -- I --

-- I -- I 
-- I I -- I 
-- I I -- I 
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TABLE 7.4.RME: EPA RAGS TABLE 7- CURRENT/FUTURE CONSTRUCTION/UTILITY WORKER CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Construction/Utility Worker 

Receptor Age: Adult 

Cancer Risk Calculations Noncancer Hazard Quotient 
Intake/Exposure Intake/Exposure 

Exposure Exposure Exposure Chemical of EPC Concentration CSF I Unit Risk Cancer Concentration RfD I RfC Hazard 
Medium Medium Point Route Potential Concern CAS No. Value Units Value Units Value Units Risk Value Units Value Units Quotient 

All Soil All Soil All Soil Ingestion 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 4.0E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 5.2E-08 2.8E-11 mg/kg-day 7.0E-10 mg/kg-day 4.0E-02 

Particulates p,p'-DDT 50-29-3 5.8E-01 mg/kg 1.2E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 4.1 E-09 8.4E-07 mg/kg-day 5.0E-04 mg/kg-day 1.7E-03 

and Vapors Chloroform 67-66-3 7.4E-01 mg/kg 1.6E-08 mg/kg-day 3.1 E-02 (mg/kg-day)-1 4.8E-10 1.1E-06 mg/kg-day 1.0E-02 mg/kg-day 1.1 E-04 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 1.1 E-07 mg/kg-day -- -- -- 7.5E-06 mg/kg-day 2.0E-03 mg/kg-day 3.8E-03 

Trichloroethene 79-01-6 2.2E+OO mg/kg 4.6E-08 mg/kg-day 4.6E-02 (mg/kg-day)-1 2.1 E-09 3.2E-06 mg/kg-day 5.0E-04 mg/kg-day 6.4E-03 

Exposure Route Total I 5.9E-08 I 5.2E-02 

Dermal 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 3.9E-14 mg/kg-day 1.3E+05 (mg/kg-day)-1 5.0E-09 2.7E-12 mg/kg-day 7.0E-10 mg/kg-day 3.9E-03 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 1.2E-09 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.9E-10 8.1 E-08 mg/kg-day 5.0E-04 mg/kg-day 1.6E-04 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 -- -- -- 1.0E-02 mg/kg-day --

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg -- -- -- -- -- -- -- 2.0E-03 mg/kg-day --

Trichloroethene 79-01-6 2.2E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 -- -- -- 5.0E-04 mg/kg-day --

Exposure Route Total I 5.4E-09 I 4.0E-03 

Inhalation 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 1.7E-11 ug/m3 3.8E+01 (ug/m3)-1 6.4E-1 0 1.2E-12 mg/m3 4.0E-08 mg/m3 2.9E-05 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 3.2E-11 ug/m3 9.7E-05 (ug/m3)-1 3.1E-15 2.2E-12 mg/m3 -- -- --

Chloroform 67-66-3 7.4E-01 mg/kg 4.8E-04 ug/m3 2.3E-05 -- 1.1E-08 3.4E-05 mg/m3 9.8E-02 mg/m3 3.4E-04 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 3.5E-03 ug/m3 -- -- -- 2.5E-04 mg/m3 -- -- --

Trichloroethene 79-01-6 2.2E+OO mg/kg 1.7E-03 ug/m3 4.1 E-06 (ug/m3)-1 6.9E-09 1.2E-04 mg/m3 2.0E-03 mg/m3 5.9E-02 

Exposure Route Total I 1.9E-08 I 5.9E-02 

Exposure Point Total I 8.3E-08 I 1.2E-01 

!Exposure Medium Total I 8.3E-08 1.2E-01 

I 

Page 17 of 43 

ED_001521A_00007994-00172 



Groundwater Groundwater Groundwater Dermal 1 ,2-Dichloroethane 107-06-2 6.0E-01 ug/L 1.7E-09 mg/kg-day 9.1E-02 (mg/kg-day)-1 1.6E-10 1.2E-07 mg/kg-day 6.0E-03 mg/kg-day 2.0E-05 

1 ,2-Dichloroethylene (total) 540-59-0 7.1E+01 ug/L 5.2E-07 mg/kg-day -- -- -- 3.6E-05 mg/kg-day 2.0E-03 mg/kg-day 1.8E-02 

Trichloroethene 79-01-6 4.8E+02 ug/L 4.0E-06 mg/kg-day 4.6E-02 (mg/kg-day)-1 1.9E-07 2.8E-04 mg/kg-day 5.0E-04 mg/kg-day 5.6E-01 

Vinyl Chloride 75-01-4 3.4E+OO ug/L 1.8E-08 mg/kg-day 7.2E-01 (mg/kg-day)-1 1.3E-08 1.3E-06 mg/kg-day 3.0E-03 mg/kg-day 4.2E-04 

!Exposure Route Total I 2.0E-07 5.8E-01 

Exposure Point Total 2.0 5.8E-01 II 
Exposure Medium Total 2. 5~1 

Groundwater Vapors Trench Air Inhalation 1 ,2-Dichloroethane 107-06-2 4.6E+OO ug/m 3 3.9E-03 ug/m3 2.6E-05 (ug/m3)-1 1.0E-07 2.7E-04 mg/m3 7.0E-03 mg/m3 3.9E-02 

(in trenches) 1 ,2-Dichloroethylene (total) 540-59-0 5.7E+02 ug/m 3 
4.8E-01 ug/m3 -- -- -- 3.4E-02 mg/m3 -- -- --

Trichloroethene 79-01-6 3.3E+03 ug/m 3 2.8E+OO ug/m3 4.1 E-06 (ug/m3)-1 1.2E-05 2.0E-01 mg/m3 2.0E-03 mg/m3 9.9E+01 

Vinyl Chloride 75-01-4 3.4E+01 ug/m 3 
2.9E-02 ug/m3 4.4E-06 (ug/m3)-1 1.3E-07 2.0E-03 mg/m3 1.0E-01 mg/m3 2.0E-02 

Exposure Route Total I 1.2E-05 I I 9.9E+01 I 
!Exposure Point Total II 1.2E-05 I I 9.9E+01 I 

Exposure Medium Total 1.2E-05 9.9E+01 

~t SoU • Gmoodw't" ';sqf '~I Total of Receptor Risks Across All Media 1E-05 Total of Receptor Hazards Across All Media 1E+02 

Notes: 

Not available or not applicable (mg/kg-day)-1 1/(Milligram per kilogram per day) 

bgs Below ground surface mg/L Milligram per liter 

CAS Chemical Abstract Service mg/m3 Milligram per cubic meter 

CSF Cancer slope factor RAGS Risk Assessment Guidance for Superfund 

EPA U.S. Environmental Protection Agency RfC Reference concentration 

EPC Exposure point concentration RfD Reference dose 

mg/kg Milligram per kilogram ug/m3 Microgram per cubic meter 

mg/kg-day Milligram per kilogram per day (ug/m3)-1 1/Microgram per cubic meter 
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TABLE 9.4.RME: EPA RAGS TABLE 9- CURRENT/FUTURE CONSTRUCTION WORKER SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Construction/Utility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Potential Concern Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Routes Total Target Organ(s) Routes Total 

All Soil All Soil, All Soil 2,3,7,8-TCDD Equivalent 1746-01-6 5.2E-08 5.0E-09 6.4E-10 5.8E-08 
Reproductive, Hepatic, Endocrine, 

4.0E-02 3.9E-03 2.9E-05 4.4E-02 
Respiratory, Hematologic, Developmental 

ParticulatesNapors p,p'-DDT 50-29-3 4.1 E-09 3.9E-10 3.1 E-15 4.5E-09 Hepatic 1.7E-03 1.6E-04 -- 1.9E-03 

Chloroform 67-66-3 4.8E-10 -- 1.1 E-08 1.2E-08 Hepatic 1.1 E-04 -- 3.4E-04 4.5E-04 

cis-1 ,2-Dichloroethylene 156-59-2 -- -- -- -- Urinary, Whole Body 3.8E-03 -- -- 3.8E-03 

Trichloroethene 79-01-6 2.1 E-09 -- 6.9E-09 9.0E-09 Developmental, Cardiovascular, Immune 6.4E-03 -- 5.9E-02 6.5E-02 

1.9E-08§ Chemical Total 5.9E-08 5.4E-09 5. 1.2E-01 

!Exposure Point Total II . 
!All Soil Total 1.2E-01 

Groundwater Groundwater Groundwater 1 ,2-Dichloroethane 107-06-2 -- 1.6E-10 1.0E-07 1.0E-07 Urinary, Hepatic, Nervous -- 2.0E-05 3.9E-02 3.9E-02 

and Vapors and Trench Air 1 ,2-Dichloroethylene (total) 540-59-0 -- -- -- -- Hematologic -- 1.8E-02 -- 1.8E-02 

Trichloroethene 79-01-6 -- 1.9E-07 1.2E-05 1.2E-05 Developmental, Cardiovascular, Immune -- 5.6E-01 9.9E+01 1.0E+02 

Vinyl Chloride 75-01-4 -- 1.3E-08 1.3E-07 1.4E-07 Hepatic -- 4.2E-04 2.0E-02 2.1 E-02 

!chemical Total II -- 12.0E-0711.2E-05 I 1.2E-05 -- 5.8E-01 9.9E+01 1.0E+02 

!Exposure Point Total I .... ..- "5 

.... ..- "5 1.0E+02 

Receptor Total: Soil +Groundwater 1E-05 I 1E+02 I 
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TABLE 10.4.RME: EPA RAGS TABLE 10- CURRENT/FUTURE CONSTRUCTION WORKER RISK AND HAZARD SUMMARY- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Construction/Utility Worker 

Receptor Age: Adult 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk 

Potential Concern Ingestion Dermal Inhalation Exposure Primary 

Routes Total Target Organ(s) 

All Soil All Soil, All Soil -- -- -- -- -- -- --

ParticulatesNapors 

Chemical Total -- -- -- --

!Exposure Point Total I --

~II Soil Total II -- I 
Groundwater Groundwater Groundwater Trichloroethene 79-01-6 -- 1.9E-07 1.2E-05 1.2E-05 Developmental, Cardiovascular, Immune 

and Vapors and Trench Air Vinyl Chloride 75-01-4 -- 1.3E-08 1.3E-07 1.4E-07 Hepatic 

Chemical Total -- 2.0E-07 1.2E-05~ 
!Exposure Point Total I 1.2E-05 

!Groundwater Total II 1.2E-05 I 
!Receptor Total: Soil +Groundwater II 1E-05 I 
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Non-Carcinogenic Hazard Quotient 

Ingestion Dermal Inhalation Exposure 

Routes Total 

-- -- -- --

-- -- -- --

--

--

-- 5.6E-01 9.9E+01 1.0E+02 

-- 4.2E-04 2.0E-02 2.1 E-02 

-- 5.7E-01 9.9 1.0E+02 

1.0E+02 

1.0E+02 

I 1E+02 I 
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TABLE 7.5.RME: EPA RAGS TABLE 7-FUTURE CHILD RECREATIONALIST CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Child Recreationalist 

Receptor Age: 0-6 

Cancer Risk Calculations 
Intake/Exposure 

Exposure Exposure Exposure Chemical of EPC Concentration CSF I Unit Risk Cancer 
Medium Medium Point Route Potentical Concern CAS No. Value I Units Value I Units Value I Units Risk 

Noncancer Hazard Quotient 
Intake/Exposure 
Concentration RfD/ RfC Hazard 

Value I Units Value I Units Quotient 
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All Soil All Soil, Soil Ingestion 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 8.0E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.0E-06 9.4E-11 mg/kg-day 7.0E-10 mg/kg-day 1.3E-01 

Particulates/Vapors p,p'-DDT 50-29-3 5.8E-01 mg/kg 2.4E-07 mg/kg-day 3.4E-01 (mg/kg-day)-1 8.2E-08 2.8E-06 mg/kg-day 5.0E-04 mg/kg-day 5.6E-03 

Chloroform 67-66-3 7.4E-01 mg/kg 3.1 E-07 mg/kg-day 3.1 E-02 (mg/kg-day)-1 9.6E-09 3.6E-06 mg/kg-day 1.0E-02 mg/kg-day 3.6E-04 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 1.1 E-05 mg/kg-day -- -- -- 2.5E-05 mg/kg-day 2.0E-03 mg/kg-day 1.3E-02 

Trichloroethene 79-01-6 2.2E+OO mg/kg 4.9E-06 mg/kg-day 4.6E-02 (mg/kg-day)-1 2.2E-07 1.1 E-05 mg/kg-day 5.0E-04 mg/kg-day 2.1 E-02 

Exposure Route Total 1.4E-06 1.7E-01 

Dermal 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 5.7E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 7.4E-08 6.7E-12 mg/kg-day 7.0E-10 mg/kg-day 9.5E-03 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 1.7E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 5.8E-09 2.0E-07 mg/kg-day 5.0E-04 mg/kg-day 4.0E-04 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 -- -- -- 1.0E-02 mg/kg-day --

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg -- -- -- -- -- -- -- 2.0E-03 mg/kg-day --

Trichloroethene 79-01-6 2.2E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 -- -- -- 5.0E-04 mg/kg-day --

I 

Inhalation 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 3.9E-11 ug/m3 3.8E+01 (ug/m3)-1 1.5E-09 4.5E-13 mg/m3 4.0E-08 mg/m3 1.1 E-05 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 7.3E-11 ug/m3 9.7E-05 (ug/m3)-1 7.1E-15 8.5E-13 mg/m3 -- -- --

Chloroform 67-66-3 7.4E-01 mg/kg 1.1 E-03 ug/m3 2.3E-05 -- 2.6E-08 1.3E-05 mg/m3 9.8E-02 mg/m3 1.3E-04 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 4.3E-02 ug/m3 -- -- -- 9.5E-05 mg/m3 -- -- --

Trichloroethene 79-01-6 2.2E+OO mg/kg 2.1 E-02 ug/m3 4.1E-06 (ug/m3)-1 8.5E-08 4.6E-05 mg/m3 2.0E-03 mg/m3 2.3E-02 

I 7 

Exposure Point Total 2.1 E-01 

Exposure Medium Total 1.6E-06 I 2.1 E-01 I 
Medium Total 1.6E-06 2.1 E-01 

Surface Water Surface Water Surface Water Ingestion alpha-Chlordane 5103-71-9 1.1E-01 ug/L 2.9E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.0E-09 3.4E-08 mg/kg-day 5.0E-04 mg/kg-day 6.7E-05 

Dieldrin 60-57-1 2.6E-01 ug/L 6.8E-09 mg/kg-day 1.6E+01 (mg/kg-day)-1 1.1 E-07 8.0E-08 mg/kg-day 5.0E-05 mg/kg-day 1.6E-03 

gamma-Chlordane 12789-03-6 9.8E-02 ug/L 2.6E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 9.0E-10 3.0E-08 mg/kg-day 5.0E-04 mg/kg-day 6.0E-05 

Exposure Route Total 1.1 E-07 1.7E-03 

Dermal alpha-Chlordane 5103-71-9 1.1E-01 ug/L 5.1 E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.8E-07 5.9E-06 mg/kg-day 5.0E-04 mg/kg-day 1.2E-02 

Dieldrin 60-57-1 2.6E-01 ug/L 3.5E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 5.6E-06 4.1 E-06 mg/kg-day 5.0E-05 mg/kg-day 8.1 E-02 

gamma-Chlordane 12789-03-6 9.8E-02 ug/L 4.5E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.6E-07 5.3E-06 mg/kg-day 5.0E-04 mg/kg-day 1.1 E-02 

Exposure Route Total 5.9E-06 1.0E-01 

Exposure Medium Total I 6.0E-06 I I 1.1 E-01 I 
Medium Total 6.0E-06 1.1 E-01 
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Sediment 

Medium Total 

Notes: 

bgs 

CSF 

EPA 

EPC 

mg/kg 

mg/kg-day 

(mg/kg-day)-1 

mg/L 

mg/m3 

RAGS 

RfC 

RfD 

(ug/m3)-1 

Sediment Sediment 

Exposure Medium Total 

Not available or not applicable 

Below ground surface 

Cancer slope factor 

U.S. Environmental Protection Agency 

Exposure point concentration 

Milligram per kilogram 

Milligram per kilogram per day 

1/(Milligram per kilogram per day) 

Milligram per liter 

Milligram per cubic meter 

Risk Assessment Guidance for Superfund 

Reference concentration 

Reference dose 

1/Microgram per cubic meter 

Ingestion 

Dermal 

Exposure Route Total 

Aldrin 

alpha-Chlordane 

Dieldrin 

gamma-Chlordane 

Aldrin 

alpha-Chlordane 

Dieldrin 

gamma-Chlordane 

309-00-2 9.0E+OO mg/kg 3.8E-06 mg/kg-day 1.7E+01 (mg/kg-day)-1 6.4E-05 4.4E-05 mg/kg-day 3.0E-05 mg/kg-day 

5103-71-9 1.3E+OO mg/kg 5.6E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.0E-07 6.5E-06 mg/kg-day 5.0E-04 mg/kg-day 

60-57-1 6.1 E+OO mg/kg 2.6E-06 mg/kg-day 1.6E+01 (mg/kg-day)-1 4.1 E-05 3.0E-05 mg/kg-day 5.0E-05 mg/kg-day 

12789-03-6 1.5E+OO mg/kg 6.3E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.2E-07 7.4E-06 mg/kg-day 5.0E-04 mg/kg-day 

309-00-2 9.0E+OO mg/kg 1. 7E+01 (mg/kg-day)-1 3.0E-05 mg/kg-day 

5103-71-9 1.3E+OO mg/kg 2.4E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 8.5E-09 2.8E-07 mg/kg-day 5.0E-04 mg/kg-day 

60-57-1 6.1 E+OO mg/kg 2.8E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 4.4E-06 3.2E-06 mg/kg-day 5.0E-05 mg/kg-day 

12789-03-6 1.5E+OO mg/kg 2.7E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 9.6E-09 3.2E-07 mg/kg-day 5.0E-04 mg/kg-day 

4.4E-06 

1.1 E-04 

1.5E+OO 

1.3E-02 

6.0E-01 

1.5E-02 

5.7E-04 

6.5E-02 

6.4E-04 

6.6E-02 

2.2E+OO 
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TABLE 9.5.RME: EPA RAGS TABLE 9- FUTURE CHILD RECREATIONALIST SUMMARY OF RECEPTOR RISKS AND HAZARDS- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Child Recreationalist 

Receptor Age: 0-6 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Potential Concern Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Routes Total Target Organ(s) Routes Total 

Reproductive, Hepatic, Endocrine, 
All Soil All Soil, All Soil 2,3,7,8-TCDD Equivalent 1746-01-6 1.0E-06 7.4E-08 1.5E-09 1.1 E-06 Respiratory, Hematologic, 1.3E-01 9.5E-03 1.1E-05 1.4E-01 

Developmental 

Particulates I Vapors p,p'-DDT 50-29-3 8.2E-08 5.8E-09 7.1E-15 8.8E-08 Hepatic 5.6E-03 4.0E-04 -- 6.0E-03 

Chloroform 67-66-3 9.6E-09 -- 2.6E-08 3.5E-08 Hepatic 3.6E-04 -- 1.3E-04 5.0E-04 

cis-1 ,2-Dichloroethylene 156-59-2 -- -- -- -- Urinary, Whole Body 1.3E-02 -- --

Trichloroethene 79-01-6 2.2E-07 -- 8.5E-08 3.1E-07 Developmental, Cardiovascular, Immune 2.1 E-02 -- 2.3E-02 4.4E-02 

Chemical Total 1.4E-06 8.0E-08 1.1 E-07 1.7E-01 9.9E-03 2.3E-02 1.9E-01 

!Exposure Point Total I 1.6E-06 I 1.9E-01 

Ell Soil Total I 1.6E-06 I 1.9E-01 

Surface Water Surface Water Surface Water alpha-Chlordane 5103-71-9 1.0E-09 1.8E-07 -- 1.8E-07 Hepatic 6.7E-05 1.2E-02 -- 1.2E-02 

Dieldrin 60-57-1 1.1E-07 5.6E-06 -- 5.7E-06 Hepatic 1.6E-03 8.1 E-02 -- 8.3E-02 

gamma-Chlordane 12789-03-6 9.0E-10 1.6E-07 -- 1.6E-07 Hepatic 6.0E-05 1.1 E-02 -- 1.1E-02 

pr Chemical Total 1.1E-07 5.9E-06 -- 1.7E-03 1.0E-01 -- 1.1E-01 

!Exposure Point Total I 1.1E-01 

Surface Water Total i~t I 1.1E-01 

Sediment Sediment Sediment Aldrin 309-00-2 6.4E-05 -- -- 6.4E-05 Hepatic 1.5E+OO -- -- 1.5E+OO 

alpha-Chlordane 5103-71-9 2.0E-07 8.5E-09 -- 2.0E-07 Hepatic 1.3E-02 5.7E-04 -- 1.4E-02 

Dieldrin 60-57-1 4.1 E-05 4.4E-06 -- 4.5E-05 Hepatic 6.0E-01 6.5E-02 -- 6.6E-01 

gamma-Chlordane 12789-03-6 2.2E-07 9.6E-09 -- 2.3E-07 Hepatic 1.5E-02 6.4E-04 -- 1.5E-02 

!chemical Total 111.1 E-0414.4E-061 -- I 1.1 E-04 2.1E+OO 6.6E-02 -- I 2.2E+OO 

!Exposure Point Total I I 2.2E+OO 

Sediment 1~f I 2.2E+OO 

Receptor Total: All Soil +Surface Water+ Sediment I 2E+OO 

I 
I 

I 
I 

I 
I 
I 
I 

ED_001521A_00007994-00179 



TABLE 10.5.RME: EPA RAGS TABLE 10- FUTURE CHILD RECREATIONALIST RISKS AND HAZARDS SUMMARY- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Child Recreationalist 

Receptor Age: 0-6 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk 

Potential Concern Ingestion Dermal Inhalation Exposure Primary 

Routes Total Target Organ(s) 

Reproductive, Hepatic, Endocrine, 
All Soil All Soil, All Soil 2,3,7,8-TCDD Equivalent 1746-01-6 1.0E-06 7.4E-08 1.5E-09 1.1 E-06 Respiratory, Hematologic, 

Developmental 

Particulates I Vapors 

Chemical Total 1.0E-06 7.4E-08 1.5E-09 

!Exposure Point Total I 
Ell Soil Total I 1.1 E-06 

Surface Water Surface Water Surface Water Dieldrin 60-57-1 1.1E-07 5.6E-06 -- 5.7E-06 Hepatic 

Chemical Total 1.1E-07 5.6E-06 --

!Exposure Point Total I 
!surface Water Total I 5.7E-06 

Sediment Sediment Sediment Aldrin 309-00-2 6.4E-05 -- -- 6.4E-05 Hepatic 

Dieldrin 60-57-1 4.1 E-05 4.4E-06 -- 4.5E-05 Hepatic 

Chemical Total 1.1E-04 4.4E-06 --

!Exposure Point Total I 
Sediment I 1.1 E-04 I 

Receptor Total: All Soil +Surface Water+ Sediment 1E-04 

Non-Carcinogenic Hazard Quotient 

Ingestion Dermal Inhalation Exposure 

Routes Total 

1.3E-01 9.5E-03 1.1E-05 1.4E-01 

1.3E-01 9.5E-03 1.1E-05 1.4E-01 

I 1.4E-01 I 
I 1.4E-01 I 

1.6E-03 8.1 E-02 -- 8.3E-02 

1.6E-03 8.1 E-02 -- 8.3E-02 

I 8.3E-02 I 
I 8.3E-02 I 

1.5E+OO -- -- 1.5E+OO 

6.0E-01 6.5E-02 -- 6.6E-01 

2.1E+OO 6.5E-02 -- 2.1E+OO 

I 2.1E+OO I 
I 2.1E+OO I 
I 2E+OO I 
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TABLE 7.6.RME: EPA RAGS TABLE 7- FUTURE ADOLESCENT RECREATIONALIST CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Adolescent Recreationalist 

Receptor Age: 7-16 

Cancer Risk Calculations Noncancer Hazard Quotient 

Intake/Exposure Intake/Exposure 

Exposure Exposure Exposure Chemical of EPC Concentration CSF I Unit Risk Cancer 
Concentration RfD I RfC Hazard 

Medium Medium Point Route Potentical Concern CAS No. Value Units Value Units Value Units Risk Value Units Value Units Quotient 

All Soil All Soil, Soil Ingestion 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 2.2E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 2.9E-07 1.6E-11 mg/kg-day 7.0E-10 mg/kg-day 2.2E-02 

Particulates/Vapors p,p'-DDT 50-29-3 5.8E-01 mg/kg 6.7E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.3E-08 4.7E-07 mg/kg-day 5.0E-04 mg/kg-day 9.4E-04 

Chloroform 67-66-3 7.4E-01 mg/kg 8.6E-08 mg/kg-day 3.1 E-02 (mg/kg-day)-1 2.7E-09 6.0E-07 mg/kg-day 1.0E-02 mg/kg-day 6.0E-05 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 1.8E-06 mg/kg-day -- -- -- 4.2E-06 mg/kg-day 2.0E-03 mg/kg-day 2.1 E-03 

Trichloroethene 79-01-6 2.2E+OO mg/kg 7.6E-07 mg/kg-day 4.6E-02 (mg/kg-day)-1 3.5E-08 1.8E-06 mg/kg-day 5.0E-04 mg/kg-day 3.6E-03 

Exposure Route Total 3.5E-07 2.9E-02 

Dermal 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 2.1 E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 2.8E-08 1.5E-12 mg/kg-day 7.0E-10 mg/kg-day 2.1E-03 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 6.4E-09 mg/kg-day 3.4E-01 (mg/kg-day)-1 2.2E-09 4.5E-08 mg/kg-day 5.0E-04 mg/kg-day 8.9E-05 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 -- -- -- 1.0E-02 mg/kg-day --

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg -- -- -- -- -- -- -- 2.0E-03 mg/kg-day --

Trichloroethene 79-01-6 2.2E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 -- -- -- 5.0E-04 mg/kg-day --

Exposure Route Total 

Inhalation 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 6.5E-11 ug/m3 3.8E+01 (ug/m3)-1 2.5E-09 4.5E-13 mg/m3 4.0E-08 mg/m3 1.1E-05 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 1.2E-10 ug/m3 9.7E-05 (ug/m3)-1 1.2E-14 8.5E-13 mg/m3 -- -- --

Chloroform 67-66-3 7.4E-01 mg/kg 1.9E-03 ug/m3 2.3E-05 -- 4.3E-08 1.3E-05 mg/m3 9.8E-02 mg/m3 1.3E-04 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 4.1 E-02 ug/m3 -- -- -- 9.5E-05 mg/m3 -- -- --

Trichloroethene 79-01-6 2.2E+OO mg/kg 2.0E-02 ug/m3 4.1 E-06 (ug/m3)-1 8.0E-08 4.6E-05 mg/m3 2.0E-03 mg/m3 2.3E-02 

Exposure Route Total I 1.3E-07 I 2.3E-02 

Exposure Point Total 5.1 E-07 5.4E-02 

Exposure Medium Total 5.1 E-07 5.4E-02 

Medium Total 5.1 E-07 5.4E-02 

Surface Water Surface Water Surface Water Ingestion alpha-Chlordane 5103-71-9 1.1E-01 ug/L 1.6E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 5.6E-10 1.1 E-08 mg/kg-day 5.0E-04 mg/kg-day 2.2E-05 

Dieldrin 60-57-1 2.6E-01 ug/L 3.8E-09 mg/kg-day 1.6E+01 (mg/kg-day)-1 6.1 E-08 2.7E-08 mg/kg-day 5.0E-05 mg/kg-day 5.3E-04 

gamma-Chlordane 12789-03-6 9.8E-02 ug/L 1.4E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 5.0E-10 1.0E-08 mg/kg-day 5.0E-04 mg/kg-day 2.0E-05 

Exposure Route Total 6.2E-08 5.7E-04 

Dermal alpha-Chlordane 5103-71-9 1.1E-01 ug/L 6.5E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.3E-07 4.5E-06 mg/kg-day 5.0E-04 mg/kg-day 9.1 E-03 

Dieldrin 60-57-1 2.6E-01 ug/L 4.4E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 7.1E-06 3.1E-06 mg/kg-day 5.0E-05 mg/kg-day 6.2E-02 

gamma-Chlordane 12789-03-6 9.8E-02 ug/L 5.8E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.0E-07 4.0E-06 mg/kg-day 5.0E-04 mg/kg-day 8.1 E-03 

!Exposure Route Total II 7.5E-06 I 7.9E-02 

Exposure Medium Total I 7.6E-06 I 8.0E-02 

Medium Total I 7.6E-06 I 8.0E-02 

ED_001521A_00007994-00181 



Sediment 

Notes: 

bgs 

CSF 

EPA 

EPC 

mg/kg 

mg/kg-day 

(mg/kg-day)-1 

mg/L 

mg/m3 

RAGS 

RfC 

RfD 

(ug/m3)-1 

Sediment Sediment 

Exposure Medium Total 

II Soil +Surface Water+ Sediment 

Not available or not applicable 

Below ground surface 

Cancer slope factor 

U.S. Environmental Protection Agency 

Exposure point concentration 

Milligram per kilogram 

Milligram per kilogram per day 

1/(Milligram per kilogram per day) 

Milligram per liter 

Milligram per cubic meter 

Risk Assessment Guidance for Superfund 

Reference concentration 

Reference dose 

1/Microgram per cubic meter 

Ingestion Aldrin 

alpha-Chlordane 

Dieldrin 

gamma-Chlordane 

Exposure Route Total 

Dermal Aldrin 

alpha-Chlordane 

Dieldrin 

gamma-Chlordane 

Exposure Route Total 

309-00-2 9.0E+OO mg/kg 1.1 E-06 mg/kg-day 1.7E+01 (mg/kg-day)-1 1.8E-05 7.4E-06 mg/kg-day 3.0E-05 mg/kg-day 2.5E-01 

5103-71-9 1.3E+OO mg/kg 1.6E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 5.4E-08 1.1 E-06 mg/kg-day 5.0E-04 mg/kg-day 2.2E-03 

60-57-1 6.1E+OO mg/kg 7.1E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 1.1 E-05 5.0E-06 mg/kg-day 5.0E-05 mg/kg-day 9.9E-02 

12789-03-6 1.5E+OO mg/kg 1.8E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 6.1 E-08 1.2E-06 mg/kg-day 5.0E-04 mg/kg-day 2.5E-03 

5 3.5 

309-00-2 9.0E+OO mg/kg 1.7E+01 (mg/kg-day)-1 3.0E-05 mg/kg-day 

5103-71-9 1.3E+OO mg/kg 2.8E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 9.8E-09 2.0E-07 mg/kg-day 5.0E-04 mg/kg-day 3.9E-04 

60-57-1 6.1E+OO mg/kg 3.2E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 5.1 E-06 2.2E-06 mg/kg-day 5.0E-05 mg/kg-day 4.5E-02 

12789-03-6 1.5E+OO mg/kg 3.2E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.1 E-08 2.2E-07 mg/kg-day 5.0E-04 mg/kg-day 4.4E-04 

5.1 E-06 4.6E-02 

3.5E-05 4.0E-01 

To 
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TABLE 9.6.RME: EPA RAGS TABLE 9- FUTURE ADOLESCENT RECREATIONALIST SUMMARY OF RECEPTOR RISKS AND HAZARDS- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Adolescent Recreationalist 

Receptor Age: 7-16 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Potential Concern Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Routes Total Target Organ(s) Routes Total 

Reproductive, Hepatic, Endocrine, 
All Soil All Soil, All Soil 2,3,7,8-TCDD Equivalent 1746-01-6 2.9E-07 2.8E-08 2.5E-09 3.2E-07 Respiratory, Hematologic, 2.2E-02 2.1 E-03 1.1E-05 2.4E-02 

Developmental 

Particulates I Vapors p,p'-DDT 50-29-3 2.3E-08 2.2E-09 1.2E-14 2.5E-08 Hepatic 9.4E-04 8.9E-05 -- 1.0E-03 

Chloroform 67-66-3 2.7E-09 -- 4.3E-08 4.5E-08 Hepatic 6.0E-05 -- 1.3E-04 1.9E-04 

cis-1 ,2-Dichloroethylene 156-59-2 -- -- -- -- Urinary, Whole Body 2.1 E-03 -- --

Trichloroethene 79-01-6 3.5E-08 -- 8.0E-08 1.2E-07 Developmental, Cardiovascular, Immune 3.6E-03 -- 2.3E-02 2.6E-02 

Chemical Total 3.5E-07 3.0E-08 1.3E-07 2.9E-02 2.2E-03 2.3E-02 5.2E-02 

!Exposure Point Total I 5.1E-07 I 5.2E-02 

Ell Soil Total I 5.1 E-07 I 5.2E-02 

Surface Water Surface Water Surface Water alpha-Chlordane 5103-71-9 5.6E-10 2.3E-07 -- 2.3E-07 Hepatic 2.2E-05 9.1E-03 -- 9.1 E-03 

Dieldrin 60-57-1 6.1 E-08 7.1E-06 -- 7.1E-06 Hepatic 5.3E-04 6.2E-02 -- 6.2E-02 

gamma-Chlordane 12789-03-6 5.0E-10 2.0E-07 -- 2.0E-07 Hepatic 2.0E-05 8.1 E-03 -- 8.1 E-03 

pr Chemical Total 6.2E-08 7.5E-06 -- 5.7E-04 7.9E-02 -- 8.0E-02 

!Exposure Point Total I 8.0E-02 

Surface Water Total i~t I 8.0E-02 

Sediment Sediment Sediment Aldrin 309-00-2 1.8E-05 -- -- 1.8E-05 Hepatic 2.5E-01 -- -- 2.5E-01 

alpha-Chlordane 5103-71-9 5.4E-08 9.8E-09 -- 6.4E-08 Hepatic 2.2E-03 3.9E-04 -- 2.6E-03 

Dieldrin 60-57-1 1.1E-05 5.1 E-06 -- 1.6E-05 Hepatic 9.9E-02 4.5E-02 -- 1.4E-01 

gamma-Chlordane 12789-03-6 6.1 E-08 1.1 E-08 -- 7.3E-08 Hepatic 2.5E-03 4.4E-04 -- 2.9E-03 

!chemical Total 112.9E-0515.1 E-061 -- I 3.5E-05 3.5E-01 4.6E-02 -- I 4.0E-01 

!Exposure Point Total I I 4.0E-01 

Sediment 1~f I 4.0E-01 

Receptor Total: All Soil +Surface Water+ Sediment I 5E-01 

I 
I 

I 
I 

I 
I 
I 
I 
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TABLE 10.6.RME: EPA RAGS TABLE 10- FUTURE ADOLESCENT RECREATIONALIST RISKS AND HAZARDS SUMMARY- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Adolescent Recreationalist 

Receptor Age: 7-16 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Potential Concern Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Routes Total Target Organ(s) Routes Total 

All Soil All Soil, All Soil -- -- -- -- -- -- -- -- -- -- --

Particulates I Vapors 

Chemical Total -- -- -- -- -- -- -- --

!Exposure Point Total I -- I -- I 
Ell Soil Total I O.OE+OO I O.OE+OO I 

Surface Water Surface Water Surface Water Dieldrin 60-57-1 6.1 E-08 7.1 E-06 -- 7.1E-06 II Hepatic 5.3E-04 6.2E-02 -- 6.2E-02 

Chemical Total 6.1 E-08 7.1 E-06 -- 7.1 E-06 5.3E-04 6.2E-02 -- 6.2E-02 

!Exposure Point Total I 7.1 E-06 I 6.2E-02 I 
!surface Water Total I 7.1 E-06 I 6.2E-02 I 

Sediment Sediment Sediment Aldrin 309-00-2 1.8E-05 -- -- 1.8E-05 Hepatic 2.5E-01 -- -- 2.5E-01 

Dieldrin 60-57-1 1.1E-05 5.1 E-06 -- 1.6E-05 Hepatic 9.9E-02 4.5E-02 -- 1.4E-01 

Chemical Total 2.9E-05 5.1 E-06 -- 3.4E-05 3.5E-01 4.5E-02 -- 3.9E-01 

!Exposure Point Total I 3.4E-05 I 3.9E-01 I 
Sediment 3.4E-05 I 3.9E-01 I 

Receptor Total: All Soil +Surface Water+ Sediment 4E-05 I 5E-01 I 
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TABLE 7.7.RME: EPA RAGS TABLE 7- FUTURE ADULT RECREATIONALIST CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Adult Recreationalist 

Receptor Age: >16 

Cancer Risk Calculations Noncancer Hazard Quotient 

Intake/Exposure Intake/Exposure 

Exposure Exposure Exposure Chemical of EPC Concentration CSF I Unit Risk Cancer 
Concentration RfD I RfC Hazard 

Medium Medium Point Route Potentical Concern CAS No. Value Units Value Units Value Units Risk Value Units Value Units Quotient 

All Soil All Soil, Soil Ingestion 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 1.4E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.8E-07 4.9E-12 mg/kg-day 7.0E-10 mg/kg-day 6.9E-03 

Particulates/Vapors p,p'-DDT 50-29-3 5.8E-01 mg/kg 4.2E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.4E-08 1.5E-07 mg/kg-day 5.0E-04 mg/kg-day 2.9E-04 

Chloroform 67-66-3 7.4E-01 mg/kg 5.4E-08 mg/kg-day 3.1 E-02 (mg/kg-day)-1 1.7E-09 1.9E-07 mg/kg-day 1.0E-02 mg/kg-day 1.9E-05 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 3.7E-07 mg/kg-day -- -- -- 1.3E-06 mg/kg-day 2.0E-03 mg/kg-day 6.5E-04 

Trichloroethene 79-01-6 2.2E+OO mg/kg 1.6E-07 mg/kg-day 4.6E-02 (mg/kg-day)-1 7.3E-09 5.5E-07 mg/kg-day 5.0E-04 mg/kg-day 1.1E-03 

Exposure Route Total 2.0E-07 9.0E-03 

Dermal 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 1.8E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 2.3E-08 6.2E-13 mg/kg-day 7.0E-10 mg/kg-day 8.8E-04 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 5.3E-09 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.8E-09 1.8E-08 mg/kg-day 5.0E-04 mg/kg-day 3.7E-05 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 -- -- -- 1.0E-02 mg/kg-day --

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg -- -- -- -- -- -- -- 2.0E-03 mg/kg-day --

Trichloroethene 79-01-6 2.2E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 -- -- -- 5.0E-04 mg/kg-day --

Exposure Route Total 

Inhalation 2,3,7,8-TCDD Equivalent 1746-01-6 1.9E-05 mg/kg 2.4E-11 ug/m3 3.8E+01 (ug/m3)-1 9.0E-10 8.3E-14 mg/m3 4.0E-08 mg/m3 2.1 E-06 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 4.5E-11 ug/m3 9.7E-05 (ug/m3)-1 4.4E-15 1.6E-13 mg/m3 -- -- --

Chloroform 67-66-3 7.4E-01 mg/kg 6.8E-04 ug/m3 2.3E-05 -- 1.6E-08 2.4E-06 mg/m3 9.8E-02 mg/m3 2.4E-05 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 5.0E-03 ug/m3 -- -- -- 1.7E-05 mg/m3 -- -- --

Trichloroethene 79-01-6 2.2E+OO mg/kg 2.4E-03 ug/m3 4.1 E-06 (ug/m3)-1 9.8E-09 8.4E-06 mg/m3 2.0E-03 mg/m3 4.2E-03 

Exposure Route Total I 2.6E-08 I 4.2E-03 

Exposure Point Total 2.5E-07 1.4E-02 

Exposure Medium Total 2.5E-07 1.4E-02 

Medium Total 2.5E-07 1.4E-02 

Surface Water Surface Water Surface Water Ingestion alpha-Chlordane 5103-71-9 1.1E-01 ug/L 1.0E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.5E-10 3.5E-09 mg/kg-day 5.0E-04 mg/kg-day 7.0E-06 

Dieldrin 60-57-1 2.6E-01 ug/L 2.4E-09 mg/kg-day 1.6E+01 (mg/kg-day)-1 3.8E-08 8.2E-09 mg/kg-day 5.0E-05 mg/kg-day 1.6E-04 

gamma-Chlordane 12789-03-6 9.8E-02 ug/L 8.9E-10 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.1 E-1 0 3.1E-09 mg/kg-day 5.0E-04 mg/kg-day 6.2E-06 

Exposure Route Total 3.8E-08 1.8E-04 

Dermal alpha-Chlordane 5103-71-9 1.1E-01 ug/L 6.3E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.2E-07 2.2E-06 mg/kg-day 5.0E-04 mg/kg-day 4.4E-03 

Dieldrin 60-57-1 2.6E-01 ug/L 4.3E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 6.9E-06 1.5E-06 mg/kg-day 5.0E-05 mg/kg-day 3.0E-02 

gamma-Chlordane 12789-03-6 9.8E-02 ug/L 5.6E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.0E-07 2.0E-06 mg/kg-day 5.0E-04 mg/kg-day 3.9E-03 

!Exposure Route Total II 7.3E-06 I 3.8E-02 

Exposure Medium Total I 7.3E-06 I 3.9E-02 

Medium Total I 7.3E-06 I 3.9E-02 
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Sediment 

Notes: 

bgs 

CSF 

EPA 

EPC 

mg/kg 

mg/kg-day 

(mg/kg-day)-1 

mg/L 

mg/m3 

RAGS 

RfC 

RfD 

(ug/m3)-1 

Sediment Sediment 

Exposure Medium Total 

II Soil +Surface Water+ Sediment 

Not available or not applicable 

Below ground surface 

Cancer slope factor 

U.S. Environmental Protection Agency 

Exposure point concentration 

Milligram per kilogram 

Milligram per kilogram per day 

1/(Milligram per kilogram per day) 

Milligram per liter 

Milligram per cubic meter 

Risk Assessment Guidance for Superfund 

Reference concentration 

Reference dose 

1/Microgram per cubic meter 

Ingestion Aldrin 

alpha-Chlordane 

Dieldrin 

gamma-Chlordane 

Exposure Route Total 

Dermal Aldrin 

alpha-Chlordane 

Dieldrin 

gamma-Chlordane 

Exposure Route Total 

309-00-2 9.0E+OO mg/kg 6.5E-07 mg/kg-day 1.7E+01 (mg/kg-day)-1 1.1 E-05 2.3E-06 mg/kg-day 3.0E-05 mg/kg-day 7.6E-02 

5103-71-9 1.3E+OO mg/kg 9.7E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.4E-08 3.4E-07 mg/kg-day 5.0E-04 mg/kg-day 6.8E-04 

60-57-1 6.1E+OO mg/kg 4.4E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 7.0E-06 1.5E-06 mg/kg-day 5.0E-05 mg/kg-day 3.1 E-02 

12789-03-6 1.5E+OO mg/kg 1.1 E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.8E-08 3.8E-07 mg/kg-day 5.0E-04 mg/kg-day 7.6E-04 

5 1.1 

309-00-2 9.0E+OO mg/kg 1.7E+01 (mg/kg-day)-1 3.0E-05 mg/kg-day 

5103-71-9 1.3E+OO mg/kg 2.6E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 9.2E-09 9.2E-08 mg/kg-day 5.0E-04 mg/kg-day 1.8E-04 

60-57-1 6.1E+OO mg/kg 3.0E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 4.8E-06 1.1 E-06 mg/kg-day 5.0E-05 mg/kg-day 2.1E-02 

12789-03-6 1.5E+OO mg/kg 3.0E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.0E-08 1.0E-07 mg/kg-day 5.0E-04 mg/kg-day 2.1 E-04 

4.8E-06 2.1 E-02 

2.3E-05 1.3E-01 

2.3E-05 

To Total of Receptor Hazards Across All Media 2 
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TABLE 9.7.RME: EPA RAGS TABLE 9- FUTURE ADULT RECREATIONALIST SUMMARY OF RECEPTOR RISKS AND HAZARDS- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Adult Recreationalist 

Receptor Age: >16 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Potential Concern Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Routes Total Target Organ(s) Routes Total 

Reproductive, Hepatic, Endocrine, 
All Soil All Soil, All Soil 2,3,7,8-TCDD Equivalent 1746-01-6 1.8E-07 2.3E-08 9.0E-10 2.0E-07 Respiratory, Hematologic, 6.9E-03 8.8E-04 2.1 E-06 7.8E-03 

Developmental 

Particulates I Vapors p,p'-DDT 50-29-3 1.4E-08 1.8E-09 4.4E-15 1.6E-08 Hepatic 2.9E-04 3.7E-05 -- 3.3E-04 

Chloroform 67-66-3 1.7E-09 -- 1.6E-08 1.7E-08 Hepatic 1.9E-05 -- 2.4E-05 4.3E-05 

cis-1 ,2-Dichloroethylene 156-59-2 -- -- -- -- Urinary, Whole Body 6.5E-04 -- --

Trichloroethene 79-01-6 7.3E-09 -- 9.8E-09 1.7E-08 Developmental, Cardiovascular, Immune 1.1E-03 -- 4.2E-03 5.3E-03 

Chemical Total 2.0E-07 2.5E-08 2.6E-08 9.0E-03 9.2E-04 4.2E-03 1.3E-02 

!Exposure Point Total I 2.5E-07 I 1.3E-02 

Ell Soil Total I 2.5E-07 I 1.3E-02 

Surface Water Surface Water Surface Water alpha-Chlordane 5103-71-9 3.5E-10 2.2E-07 -- 2.2E-07 Hepatic 7.0E-06 4.4E-03 -- 4.4E-03 

Dieldrin 60-57-1 3.8E-08 6.9E-06 -- 6.9E-06 Hepatic 1.6E-04 3.0E-02 -- 3.0E-02 

gamma-Chlordane 12789-03-6 3.1E-10 2.0E-07 -- 2.0E-07 Hepatic 6.2E-06 3.9E-03 -- 3.9E-03 

pr Chemical Total 3.8E-08 7.3E-06 -- 1.8E-04 3.8E-02 -- 3.9E-02 

!Exposure Point Total I 3.9E-02 

Surface Water Total i~t I 3.9E-02 

Sediment Sediment Sediment Aldrin 309-00-2 1.1E-05 -- -- 1.1 E-05 Hepatic 7.6E-02 -- -- 7.6E-02 

alpha-Chlordane 5103-71-9 3.4E-08 9.2E-09 -- 4.3E-08 Hepatic 6.8E-04 1.8E-04 -- 8.6E-04 

Dieldrin 60-57-1 7.0E-06 4.8E-06 -- 1.2E-05 Hepatic 3.1 E-02 2.1E-02 -- 5.2E-02 

gamma-Chlordane 12789-03-6 3.8E-08 1.0E-08 -- 4.9E-08 Hepatic 7.6E-04 2.1 E-04 -- 9.7E-04 

!chemical Total 111.8E-0514.8E-061 -- I 2.3E-05 1.1E-01 2.1 E-02 -- I 1.3E-01 

!Exposure Point Total I I 1.3E-01 

Sediment 1~f I 1.3E-01 

Receptor Total: All Soil +Surface Water+ Sediment I 2E-01 

I 
I 

I 
I 

I 
I 
I 
I 
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TABLE 10.7.RME: EPA RAGS TABLE 10- FUTURE ADULT RECREATIONALIST RISKS AND HAZARDS SUMMARY- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Future 

Receptor Population: Adult Recreationalist 

Receptor Age: >16 

Medium Exposure Medium Exposure Point Chemical of CAS No. Carcinogenic Risk 

Potential Concern Ingestion Dermal Inhalation Exposure Primary 

Routes Total Target Organ(s) 

All Soil All Soil, All Soil -- -- -- -- -- -- --

Particulates I Vapors 

Ehemical Total I -- -- -- I -- II 
Exposure Point Total I -- I 

jAil Soil Total I O.OE+OO I 
Surface Water Surface Water Surface Water Dieldrin 60-57-1 3.8E-08 6.9E-06 -- 6.9E-06 Hepatic 

!Chemical Total 3.8E-08 6.9E-06 -- 6.9E-06 

!Exposure Point Total II 6.9E-06 I 
!surface Water Total II 6.9E-06 I 

Sediment Sediment Sediment Aldrin 309-00-2 1.1 E-05 -- -- 1.1E-05 Hepatic 

Dieldrin 60-57-1 7.0E-06 4.8E-06 -- 1.2E-05 Hepatic 

jchemical Total 1.8E-05 4.8E-06 -- 2.3E-05 

Exposure Point Total I 2.3E-05 I 
Sediment I 2.3E-05 I 

Receptor Total: All Soil +Surface Water+ Sediment I 3E-05 I 

Non-Carcinogenic Hazard Quotient 

Ingestion Dermal Inhalation Exposure 

Routes Total 

-- -- -- --

I -- I -- I -- I --

--

O.OE+OO 

1.6E-04 3.0E-02 -- 3.0E-02 

1.6E-04 3.0E-02 --

3.0E-02 

3.0E-02 

7.6E-02 -- -- 7.6E-02 

3.1 E-02 2.1 E-02 -- 5.2E-02 

1.1E-01 2.1 E-02 --

?r:: 1"\ 

1.3E-01 

I 2E-01 I 
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TABLE 7.8.RME: EPA RAGS TABLE 7- CURRENT/FUTURE YOUTH TRESSPASSER CALCULATION OF CHEMICAL CANCER RISKS AND 
NON-CANCER HAZARDS- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Youth Tresspasser 

Receptor Age: 7-16 

Cancer Risk Calculations Noncancer Hazard Quotient 
Intake/Exposure Intake/Exposure 

Exposure Exposure Exposure Chemical of EPC Concentration CSF I Unit Risk Cancer Concentration RfD/ RfC Hazard 
Medium Medium Point Route Potentical Concern CAS No. Value Units Value Units Value Units Risk Value Units Value Units Quotient 

Surface Soil Surface Soil, Surface Soil Ingestion 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 1.1E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.4E-07 7.6E-12 mg/kg-day 7.0E-10 mg/kg-day 1.1 E-02 

ParticulatesNapors p,p'-DDT 50-29-3 2.3E+OO mg/kg 1.3E-07 mg/kg-day 3.4E-01 (mg/kg-day)-1 4.3E-08 9.0E-07 mg/kg-day 5.0E-04 mg/kg-day 1.8E-03 

Chloroform 67-66-3 7.4E-01 mg/kg 4.2E-08 mg/kg-day 3.1 E-02 (mg/kg-day)-1 1.3E-09 2.9E-07 mg/kg-day 1.0E-02 mg/kg-day 2.9E-05 

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg 2.0E-06 mg/kg-day -- -- -- 4.8E-06 mg/kg-day 2.0E-03 mg/kg-day 2.4E-03 

Trichloroethene 79-01-6 4.4E+OO mg/kg 7.5E-07 mg/kg-day 4.6E-02 (mg/kg-day)-1 3.4E-08 1.7E-06 mg/kg-day 5.0E-04 mg/kg-day 3.5E-03 

I 

Dermal 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 1.0E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.3E-08 7.2E-13 mg/kg-day 7.0E-10 mg/kg-day 1.0E-03 

p,p'-DDT 50-29-3 2.3E+OO mg/kg 1.2E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 4.1E-09 8.5E-08 mg/kg-day 5.0E-04 mg/kg-day 1.7E-04 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 -- -- -- 1.0E-02 mg/kg-day --

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg -- -- -- -- -- -- -- 2.0E-03 mg/kg-day --

Trichloroethene 79-01-6 4.4E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 -- -- -- 5.0E-04 mg/kg-day --

I 

Inhalation 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 1.0E-11 ug/m3 3.8E+01 (ug/m3)-1 4.0E-10 7.3E-14 mg/m3 4.0E-08 mg/m3 1.8E-06 

p,p'-DDT 50-29-3 2.3E+OO mg/kg 7.8E-11 ug/m3 9.7E-05 (ug/m3)-1 7.5E-15 5.4E-13 mg/m3 -- -- --

Chloroform 67-66-3 7.4E-01 mg/kg 3.0E-04 ug/m3 2.3E-05 -- 6.9E-09 2.1 E-06 mg/m3 9.8E-02 mg/m3 2.1 E-05 

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg 1.5E-02 ug/m3 -- -- -- 3.6E-05 mg/m3 -- -- --

Trichloroethene 79-01-6 4.4E+OO mg/kg 6.4E-03 ug/m3 4.1 E-06 (ug/m3)-1 2.6E-08 1.5E-05 mg/m3 2.0E-03 mg/m3 7.5E-03 

Exposure Route Total 3.4E-08 7.5E-03 

Exposure Point Total 2.7E-07 2.7E-02 

I 2.7E-07 2.7E-02 

Medium Total 2.7E-07 2.7E-02 
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All Soil All Soil, Soil Ingestion 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 1.1E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.4E-07 7.6E-12 mg/kg-day 7.0E-10 mg/kg-day 1.1 E-02 

ParticulatesNapors p,p'-DDT 50-29-3 5.8E-01 mg/kg 3.3E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.1 E-08 2.3E-07 mg/kg-day 5.0E-04 mg/kg-day 4.6E-04 

Chloroform 67-66-3 7.4E-01 mg/kg 4.2E-08 mg/kg-day 3.1 E-02 (mg/kg-day)-1 1.3E-09 2.9E-07 mg/kg-day 1.0E-02 mg/kg-day 2.9E-05 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 8.7E-07 mg/kg-day 2.0E-06 mg/kg-day 2.0E-03 mg/kg-day 1.0E-03 

Trichloroethene 79-01-6 2.2E+OO mg/kg 3.7E-07 mg/kg-day 4.6E-02 (mg/kg-day)-1 1.7E-08 8.6E-07 mg/kg-day 5.0E-04 mg/kg-day 1.7E-03 

Dermal 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 1.0E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.3E-08 7.2E-13 mg/kg-day 7.0E-10 mg/kg-day 1.0E-03 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 3.1 E-09 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.0E-09 2.2E-08 mg/kg-day 5.0E-04 mg/kg-day 4.3E-05 

Chloroform 67-66-3 7.4E-01 mg/kg 3.1 E-02 (mg/kg-day)-1 1.0E-02 mg/kg-day 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 2.0E-03 mg/kg-day 

Trichloroethene 79-01-6 2.2E+OO mg/kg 4.6E-02 (mg/kg-day)-1 5.0E-04 mg/kg-day 

Exposure Route Total 1.4E-08 1.1 E-03 

Inhalation 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 1.0E-11 ug/m3 3.8E+01 (ug/m3)-1 4.0E-10 7.3E-14 mg/m3 4.0E-08 mg/m3 1.8E-06 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 2.0E-11 ug/m3 9.7E-05 (ug/m3)-1 1.9E-15 1.4E-13 mg/m3 

Chloroform 67-66-3 7.4E-01 mg/kg 3.0E-04 ug/m3 2.3E-05 6.9E-09 2.1 E-06 mg/m3 9.8E-02 mg/m3 2.1 E-05 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 6.6E-03 ug/m3 1.5E-05 mg/m3 

Trichloroethene 79-01-6 2.2E+OO mg/kg 3.2E-03 ug/m3 4.1 E-06 (ug/m3)-1 1.3E-08 7.4E-06 mg/m3 2.0E-03 mg/m3 3.7E-03 

xposure Point Total 

Exposure Medium Total 

Medium Total 
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Surface Water Surface Water Surface Water 

Exposure Medium Total 

Medium Total 

Sediment Sediment Sediment 

Exposure Medium Total 

Medium Total 

Receptor Totai:Surface Soil +Surface Water+ Sediment 

Receptor Total: All Soil +Surface Water+ Sediment 

Notes: 

bgs 

CSF 

EPA 

EPC 

mg/kg 

mg/kg-day 

(mg/kg-day)-1 

mg/L 

mg/m3 

RAGS 

RfC 

RfD 

(ug/m3)-1 

Not available or not applicable 

Below ground surface 

Cancer slope factor 

U.S. Environmental Protection Agency 

Exposure point concentration 

Milligram per kilogram 

Milligram per kilogram per day 

1/(Milligram per kilogram per day) 

Milligram per liter 

Milligram per cubic meter 

Risk Assessment Guidance for Superfund 

Reference concentration 

Reference dose 

1/Microgram per cubic meter 

Ingestion alpha-Chlordane 5103-71-9 

Dieldrin 60-57-1 

gamma-Chlordane 12789-03-6 

I 

Dermal alpha-Chlordane 5103-71-9 

Dieldrin 60-57-1 

gamma-Chlordane 12789-03-6 

Exposure Route Total 

Ingestion Aldrin 309-00-2 

alpha-Chlordane 5103-71-9 

Dieldrin 60-57-1 

gamma-Chlordane 12789-03-6 

Exposure Route Total 

Dermal Aldrin 309-00-2 

alpha-Chlordane 5103-71-9 

Dieldrin 60-57-1 

gamma-Chlordane 12789-03-6 

Exposure Route Total 

1.1 E-01 ug/L 7.8E-10 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.7E-10 5.4E-09 mg/kg-day 5.0E-04 mg/kg-day 1.1 E-05 

2.6E-01 ug/L 1.8E-09 mg/kg-day 1.6E+01 (mg/kg-day)-1 2.9E-08 1.3E-08 mg/kg-day 5.0E-05 mg/kg-day 2.6E-04 

9.8E-02 ug/L 6.9E-10 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.4E-10 4.8E-09 mg/kg-day 5.0E-04 mg/kg-day 9.7E-06 

1.1 E-01 ug/L 3.1 E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 1.1 E-07 1.4E-05 mg/kg-day 5.0E-04 mg/kg-day 2.7E-02 

2.6E-01 ug/L 2.1 E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 3.4E-06 9.3E-06 mg/kg-day 5.0E-05 mg/kg-day 1.9E-01 

9.8E-02 ug/L 2.8E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 9.8E-08 1.2E-05 mg/kg-day 5.0E-04 mg/kg-day 2.4E-02 

3.6E-06 2.4E-01 

3.7E-06 2.4E-01 

3.7E-06 2.4E-01 

9.0E+OO mg/kg 5.1 E-07 mg/kg-day 1.7E+01 (mg/kg-day)-1 8.7E-06 3.6E-06 mg/kg-day 3.0E-05 mg/kg-day 1.2E-01 

1.3E+OO mg/kg 7.5E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 2.6E-08 5.3E-07 mg/kg-day 5.0E-04 mg/kg-day 1.1 E-03 

6.1E+OO mg/kg 3.4E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 5.5E-06 2.4E-06 mg/kg-day 5.0E-05 mg/kg-day 4.8E-02 

1.5E+OO mg/kg 8.51 E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.0E-08 6.0E-07 mg/kg-day 5.0E-04 mg/kg-day 1.2E-03 

1.4E-05 1.7E-01 

9.0E+OO mg/kg -- -- 1.7E+01 (mg/kg-day)-1 -- -- -- 3.0E-05 mg/kg-day --

1.3E+OO mg/kg 9.5E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.3E-09 6.7E-08 mg/kg-day 5.0E-04 mg/kg-day 1.3E-04 

6.1E+OO mg/kg 1.1 E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 1.7E-06 7.6E-07 mg/kg-day 5.0E-05 mg/kg-day 1.5E-02 

1.5E+OO mg/kg 1.1 E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.8E-09 7.5E-08 mg/kg-day 5.0E-04 mg/kg-day 1.5E-04 

1.7E-06 1.6E-02 

1.6E-05 1.9E-01 

1.6E-05 1.9E-01 

T~~RHRI Total of Receptor Risks Across All Media 2E-05 Total of Receptor Hazards Across All Media 4E-01 

Page 36 of 43 

ED_001521A_00007994-00191 



TABLE 9.8.RME: EPA RAGS TABLE 9- CURRENT AND FUTURE ADOLESCENT TRESSPASSER SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Youth Tresspasser 

Receptor Age: 7-16 

Medium Exposure Medium 

Surface Soil Surface Soil, 

Particulates I Vapors 

Surface Soil Total 

All Soil All Soil 

Particulates I Vapors 

jAil Soil Total 

Surface Water Surface Water 

!surface Water Total 

Sediment Sediment 

Sediment 

Exposure Point 

Surface Soil 

Exposure Point Total 

All Soil 

Exposure Point Total 

Surface Water 

!Exposure Point Total 

Sediment 

!Exposure Point Total 

Receptor Total: Surface Soil + Surface Water+ Sediment 

Receptor Total: All Soil +Surface Water+ Sediment 

Chemical of 

Potential Concern 

2,3,7,8-TCDD Equivalent 

p,p'-DDT 

Chloroform 

cis-1 ,2-Dichloroethylene 

Trichloroethene 

Chemical Total 

2,3,7,8-TCDD Equivalent 

p,p'-DDT 

Chloroform 

cis-1 ,2-Dichloroethylene 

Trichloroethene 

!chemical Total 

alpha-Chlordane 

Dieldrin 

gamma-Chlordane 

11'-''""lllvOI ULal 

Aldrin 

alpha-Chlordane 

Dieldrin 

gamma-Chlordane 

llrhom;..-,1 Tnbl 

CAS No. Carcinogenic Risk 

Ingestion Dermal Inhalation Exposure Primary 

Routes Total Target Organ(s) 

1.4E-07 1.3E-08 4.0E-10 1.5E-07 
Reproductive, Hepatic, Endocrine, Respiratory, 

1746-01-6 Hematologic, Developmental 

50-29-3 4.3E-08 4.1 E-09 7.5E-15 4.8E-08 Hepatic 

67-66-3 1.3E-09 -- 6.9E-09 8.2E-09 Hepatic 

156-59-2 -- -- -- -- Urinary, Whole Body 

79-01-6 3.4E-08 -- 2.6E-08 6.1 E-08 Developmental, Cardiovascular, Immune 

2.2E-07 1.8E-08 3.4E-08 I 2.7E-07 II 
I 2.7E-07 I 
I 2.7E-07 I 

1746-01-6 1.4E-07 1.3E-08 4.0E-10 1.5E-07 
Reproductive, Hepatic, Endocrine, Respiratory, 

Hematologic, Developmental 

50-29-3 1.1E-08 1.0E-09 1.9E-15 1.2E-08 Hepatic 

67-66-3 1.3E-09 -- 6.9E-09 8.2E-09 Hepatic 

156-59-2 -- -- -- -- Urinary, Whole Body 

79-01-6 1.7E-08 -- 1.3E-08 3.0E-08 Developmental, Cardiovascular, Immune 

II 1.7E-07 11.4E-081 2.0E-08 II 2.0E-07 II 
I 2.0E-07 I 
I 2.0E-07 I 

5103-71-9 2.7E-10 1.1E-07 -- 1.1E-07 Hepatic 

60-57-1 2.9E-08 3.4E-06 -- 3.5E-06 Hepatic 

12789-03-6 2.4E-10 9.8E-08 -- 9.8E-08 Hepatic 

1~ "'l e::t=_f"le:: --
II 

II 3.7E-06 I 
II 3.7E-06 I 

309-00-2 8.7E-06 -- -- 8.7E-06 Hepatic 

5103-71-9 2.6E-08 3.3E-09 -- 3.0E-08 Hepatic 

60-57-1 5.5E-06 1.7E-06 -- 7.2E-06 Hepatic 

12789-03-6 3.0E-08 3.8E-09 -- 3.4E-08 Hepatic 

l~ 1.7E-06 -- II 5 

II 1.6E-05 I 
I 1.6E-05 I 
I 2E-05 I 
I 2E-05 I 
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Non-Carcinogenic Hazard Quotient 

Ingestion Dermal Inhalation Exposure 

Routes Total 

1.1 E-02 1.0E-03 1.8E-06 1.2E-02 

1.8E-03 1.7E-04 -- 2.0E-03 

2.9E-05 -- 2.1 E-05 5.1 E-05 

2.4E-03 -- -- 2.4E-03 

3.5E-03 -- 7.5E-03 1.1 E-02 

I 1.9E-02 11.2E-031 7.5E-03 I 2.7E-02 

2.7E-02 

2.7 

1.1 E-02 1.0E-03 1.8E-06 1.2E-02 

4.6E-04 4.3E-05 -- 5.0E-04 

2.9E-05 -- 2.1 E-05 5.1 E-05 

1.0E-03 -- --

1.7E-03 -- 3.7E-03 5.4E-03 

I 1.4E-02 11.1 E-031 3.7E-03 I 1.8E-02 

1.1 E-05 2.7E-02 -- 2.7E-02 

2.6E-04 1.9E-01 -- 1.9E-01 

9.7E-06 2.4E-02 -- 2.4E-02 

2.8E-04 2.4E-01 --

2.4E-01 

1.2E-01 -- -- 1.2E-01 

1.1 E-03 1.3E-04 -- 1.2E-03 

4.8E-02 1.5E-02 -- 6.3E-02 

1.2E-03 1.5E-04 -- 1.3E-03 

1.7E-01 1.6E-02 --

1.9E-01 

I 4E-01 I 
4E-01 
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TABLE 10.8.RME: EPA RAGS TABLE 10- CURRENT AND FUTURE TRESSPASSER RECREATIONALIST RISK AND HAZARD SUMMARY- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Youth Tresspasser 

Receptor Age: 7-16 

Medium Exposure Medium 

Surface Soil Surface Soil, 

Particulates I Vapors 

Surface Soil Total 

All Soil Subsurface Soil, 

Particulates I Vapors 

jAil Soil Total 

Surface Water Surface Water 

!surface Water Total 

Sediment Sediment 

Sediment 

Exposure Point 

Surface Soil 

Exposure Point Total 

Subsurface Soil 

!Exposure Point Total 

Surface Water 

Exposure Point Total 

Sediment 

Exposure Point Total 

Receptor Total: Surface Soil + Surface Water+ Sediment 

Receptor Total: All Soil +Surface Water+ Sediment 

Chemical of 

Potential Concern 

--

Chemical Total 

--

11'-''""lllvOI ULal 

Dieldrin 

Chemical Total 

Aldrin 

Dieldrin 

!chemical Total 

CAS No. Carcinogenic Risk 

Ingestion Dermal Inhalation Exposure 

Routes Total 

-- -- -- ----

-- -- -- I --

I --

I O.OE+OO I 
-- -- -- -- --

I 
-- -- -- --

II -- I 
I O.OE+OO I 

60-57-1 2.9E-08 3.4E-06 -- 3.5E-06 

2.9E-08 3.4E-06 -- 3.5E-06 

I 3.5E-06 I 
II 3.5E-06 I 

309-00-2 8.7E-06 -- -- 8.7E-06 

60-57-1 5.5E-06 1.7E-06 -- 7.2E-06 

II 1.4E-05 11.7E-061 -- II 1.6E-05 II 
I 1.6E-05 I 
II 

2E-05 

2E-05 
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Non-Carcinogenic Hazard Quotient 

Primary Ingestion Dermal Inhalation Exposure 

Target Organ(s) Routes Total 

--

I 
--

I 
--

I 
--

I 
--

I 
I -- I -- I -- I --

--

1~ 
--

I 
--

I 
--

I 
--

I 
--

I 
-- -- -- --

--

O.OE+OO 

Hepatic 2.6E-04 1.9E-01 -- 1.9E-01 

2.6E-04 1.9E-01 --

1.9E-01 

1.9E-01 

Hepatic 1.2E-01 -- -- 1.2E-01 

Hepatic 4.8E-02 1.5E-02 -- 6.3E-02 

I 1.7E-01 11.5E-021 -- I 1.8E-01 

1.8E-01 

I 4E-01 I 
I 4E-01 I 
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TABLE 7.9.RME: EPA RAGS TABLE 7- CURRENT/FUTURE ADULT TRESSPASSER CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS- RME 

DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Adult Tresspasser 

Receptor Age: Adult 

Cancer Risk Calculations Noncancer Hazard Quotient 
Intake/Exposure Intake/Exposure 

Exposure Exposure Exposure Chemical of EPC Concentration CSF I Unit Risk Cancer Concentration RfD/ RfC Hazard 
Medium Medium Point Route Potentical Concern CAS No. Value Units Value Units Value Units Risk Value Units Value Units Quotient 

Surface Soil Surface Soil, Surface Soil Ingestion 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 1.4E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.8E-07 4.7E-12 mg/kg-day 7.0E-10 mg/kg-day 6.8E-03 

ParticulatesNapors p,p'-DDT 50-29-3 2.3E+OO mg/kg 1.6E-07 mg/kg-day 3.4E-01 (mg/kg-day)-1 5.4E-08 5.6E-07 mg/kg-day 5.0E-04 mg/kg-day 1.1 E-03 

Chloroform 67-66-3 7.4E-01 mg/kg 5.2E-08 mg/kg-day 3.1 E-02 (mg/kg-day)-1 1.6E-09 1.8E-07 mg/kg-day 1.0E-02 mg/kg-day 1.8E-05 

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg 8.5E-07 mg/kg-day -- -- -- 3.0E-06 mg/kg-day 2.0E-03 mg/kg-day 1.5E-03 

Trichloroethene 79-01-6 4.4E+OO mg/kg 3.1 E-07 mg/kg-day 4.6E-02 (mg/kg-day)-1 1.4E-08 1.1 E-06 mg/kg-day 5.0E-04 mg/kg-day 2.2E-03 

Exposure Route Total 2.5E-07 1.2E-02 

Dermal 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 3.4E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 4.5E-08 1.2E-12 mg/kg-day 7.0E-10 mg/kg-day 1.7E-03 

p,p'-DDT 50-29-3 2.3E+OO mg/kg 4.0E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.4E-08 1.4E-07 mg/kg-day 5.0E-04 mg/kg-day 2.8E-04 

Chloroform 67-66-3 7.4E-01 mg/kg -- -- 3.1 E-02 (mg/kg-day)-1 -- -- -- 1.0E-02 mg/kg-day --

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg -- -- -- -- -- -- -- 2.0E-03 mg/kg-day --

Trichloroethene 79-01-6 4.4E+OO mg/kg -- -- 4.6E-02 (mg/kg-day)-1 -- -- -- 5.0E-04 mg/kg-day --

I 

Inhalation 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 2.8E-10 ug/m3 3.8E+01 (ug/m3)-1 1.1 E-08 9.7E-13 mg/m3 4.0E-08 mg/m3 2.4E-05 

p,p'-DDT 50-29-3 2.3E+OO mg/kg 2.1 E-09 ug/m3 9.7E-05 (ug/m3)-1 2.0E-13 7.2E-12 mg/m3 -- -- --

Chloroform 67-66-3 7.4E-01 mg/kg 8.0E-03 ug/m3 2.3E-05 -- 1.8E-07 2.8E-05 mg/m3 9.8E-02 mg/m3 2.9E-04 

cis-1 ,2-Dichloroethylene 156-59-2 1.2E+01 mg/kg 1.4E-01 ug/m3 -- -- -- 4.8E-04 mg/m3 -- -- --

Trichloroethene 79-01-6 4.4E+OO mg/kg 5.7E-02 ug/m3 4.1 E-06 (ug/m3)-1 2.3E-07 2.0E-04 mg/m3 2.0E-03 mg/m3 9.9E-02 

!Exposure Route Totall I 4.3E-07 1.0E-01 

Exposure Point Total 7.3E-07 1.1E-01 

I 7.3E-07 1.1E-01 

Medium Total 7.3E-07 1.1E-01 
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All Soil All Soil, Soil Ingestion 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 1.4E-12 mg/kg-day 1.3E+05 (mg/kg-day)-1 1.8E-07 4.7E-12 mg/kg-day 7.0E-10 mg/kg-day 6.8E-03 

ParticulatesNapors p,p'-DDT 50-29-3 5.8E-01 mg/kg 4.1 E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 1.4E-08 1.4E-07 mg/kg-day 5.0E-04 mg/kg-day 2.8E-04 

Chloroform 67-66-3 7.4E-01 mg/kg 5.2E-08 mg/kg-day 3.1 E-02 (mg/kg-day)-1 1.6E-09 1.8E-07 mg/kg-day 1.0E-02 mg/kg-day 1.8E-05 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 3.6E-07 mg/kg-day 1.3E-06 mg/kg-day 2.0E-03 mg/kg-day 6.3E-04 

Trichloroethene 79-01-6 2.2E+OO mg/kg 1.5E-07 mg/kg-day 4.6E-02 (mg/kg-day)-1 7.1 E-09 5.4E-07 mg/kg-day 5.0E-04 mg/kg-day 1.1 E-03 

Dermal 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 3.4E-13 mg/kg-day 1.3E+05 (mg/kg-day)-1 4.5E-08 1.2E-12 mg/kg-day 7.0E-10 mg/kg-day 1.7E-03 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 1.0E-08 mg/kg-day 3.4E-01 (mg/kg-day)-1 3.5E-09 3.6E-08 mg/kg-day 5.0E-04 mg/kg-day 7.2E-05 

Chloroform 67-66-3 7.4E-01 mg/kg 3.1 E-02 (mg/kg-day)-1 1.0E-02 mg/kg-day 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 2.0E-03 mg/kg-day 

Trichloroethene 79-01-6 2.2E+OO mg/kg 4.6E-02 (mg/kg-day)-1 5.0E-04 mg/kg-day 

Exposure Route Total 4.8E-08 1.8E-03 

Inhalation 2,3,7,8-TCDD Equivalen 1746-01-6 1.9E-05 mg/kg 2.8E-10 ug/m3 3.8E+01 (ug/m3)-1 1.1 E-08 9.7E-13 mg/m3 4.0E-08 mg/m3 2.4E-05 

p,p'-DDT 50-29-3 5.8E-01 mg/kg 5.2E-10 ug/m3 9.7E-05 (ug/m3)-1 5.1E-14 1.8E-12 mg/m3 

Chloroform 67-66-3 7.4E-01 mg/kg 8.0E-03 ug/m3 2.3E-05 1.8E-07 2.8E-05 mg/m3 9.8E-02 mg/m3 2.9E-04 

cis-1 ,2-Dichloroethylene 156-59-2 5.1E+OO mg/kg 5.8E-02 ug/m3 2.0E-04 mg/m3 

Trichloroethene 79-01-6 2.2E+OO mg/kg 2.8E-02 ug/m3 4.1 E-06 (ug/m3)-1 1.1 E-07 9.8E-05 mg/m3 2.0E-03 mg/m3 4.9E-02 

xposure Point Total 

Exposure Medium Total 

Medium Total 
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Surface Water Surface Water Surface Water 

Exposure Medium Total 

Medium Total 

Sediment Sediment Sediment 

Exposure Medium Total 

Medium Total 

Receptor Totai:Surface Soil +Surface Water+ Sediment 

Receptor Total: All Soil +Surface Water+ Sediment 

Notes: 

bgs 

CSF 

EPA 

EPC 

mg/kg 

mg/kg-day 

(mg/kg-day)-1 

mg/L 

mg/m3 

RAGS 

RfC 

RfD 

(ug/m3)-1 

Not available or not applicable 

Below ground surface 

Cancer slope factor 

U.S. Environmental Protection Agency 

Exposure point concentration 

Milligram per kilogram 

Milligram per kilogram per day 

1/(Milligram per kilogram per day) 

Milligram per liter 

Milligram per cubic meter 

Risk Assessment Guidance for Superfund 

Reference concentration 

Reference dose 

1/Microgram per cubic meter 

Ingestion alpha-Chlordane 5103-71-9 1.1 E-01 ug/L 

Dieldrin 60-57-1 2.6E-01 ug/L 

gamma-Chlordane 12789-03-6 9.8E-02 ug/L 

I 

Dermal alpha-Chlordane 5103-71-9 1.1 E-01 ug/L 

Dieldrin 60-57-1 2.6E-01 ug/L 

gamma-Chlordane 12789-03-6 9.8E-02 ug/L 

Exposure Route Total 

Ingestion Aldrin 309-00-2 9.0E+OO ug/L 

alpha-Chlordane 5103-71-9 1.3E+OO ug/L 

Dieldrin 60-57-1 6.1E+OO ug/L 

gamma-Chlordane 12789-03-6 1.5E+OO ug/L 

Exposure Route Total 

Dermal Aldrin 309-00-2 9.0E+OO ug/L 

alpha-Chlordane 5103-71-9 1.3E+OO ug/L 

Dieldrin 60-57-1 6.1E+OO ug/L 

gamma-Chlordane 12789-03-6 1.5E+OO ug/L 

Exposure Route Total 
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1.9E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 6.8E-10 6.8E-09 mg/kg-day 5.0E-04 mg/kg-day 1.4E-05 

4.6E-09 mg/kg-day 1.6E+01 (mg/kg-day)-1 7.3E-08 1.6E-08 mg/kg-day 5.0E-05 mg/kg-day 3.2E-04 

1.7E-09 mg/kg-day 3.5E-01 (mg/kg-day)-1 6.0E-10 6.0E-09 mg/kg-day 5.0E-04 mg/kg-day 1.2E-05 

1.2E-06 mg/kg-day 3.5E-01 (mg/kg-day)-1 4.3E-07 3.0E-05 mg/kg-day 5.0E-04 mg/kg-day 6.0E-02 

8.4E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 1.3E-05 2.1 E-05 mg/kg-day 5.0E-05 mg/kg-day 4.1 E-01 

1.1 E-06 mg/kg-day 3.5E-01 (mg/kg-day)-1 3.8E-07 2.7E-05 mg/kg-day 5.0E-04 mg/kg-day 5.4E-02 

1.4E-05 5.2E-01 

1.4E-05 5.2E-01 

1.4E-05 5.2E-01 

1.3E-06 mg/kg-day 1.7E+01 (mg/kg-day)-1 2.2E-05 4.5E-06 mg/kg-day 3.0E-05 mg/kg-day 1.5E-01 

1.9E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 6.6E-08 6.6E-07 mg/kg-day 5.0E-04 mg/kg-day 1.3E-03 

8.6E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 1.4E-05 3.0E-06 mg/kg-day 5.0E-05 mg/kg-day 6.0E-02 

2.12E-07 mg/kg-day 3.5E-01 (mg/kg-day)-1 7.4E-08 7.4E-07 mg/kg-day 5.0E-04 mg/kg-day 1.5E-03 

3.6E-05 2.1 E-01 

-- -- 1.7E+01 (mg/kg-day)-1 -- -- -- 3.0E-05 mg/kg-day --

1.2E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 4.2E-09 4.2E-08 mg/kg-day 5.0E-04 mg/kg-day 8.4E-05 

1.4E-07 mg/kg-day 1.6E+01 (mg/kg-day)-1 2.2E-06 4.8E-07 mg/kg-day 5.0E-05 mg/kg-day 9.6E-03 

1.4E-08 mg/kg-day 3.5E-01 (mg/kg-day)-1 4.7E-09 4.7E-08 mg/kg-day 5.0E-04 mg/kg-day 9.5E-05 

2.2E-06 9.7E-03 

3.8E-05 2.2E-01 

3.8E-05 2.2E-01 

T~~RHRI Total of Receptor Risks Across All Media 5E-05 Total of Receptor Hazards Across All Media 8E-01 
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TABLE 9.9.RME: EPA RAGS TABLE 9- CURRENT AND FUTURE ADULT TRESSPASSER SUMMARY OF RECEPTOR RISKS AND HAZARDS- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Adult Tresspasser 

Receptor Age: Adult 

Medium Exposure Medium 

Surface Soil Surface Soil, 

Particulates I Vapors 

!surface Soil Total 

All Soil All Soil 

Particulates I Vapors 

!All Soil Total 

Surface Water Surface Water 

Surface Water Total 

Sediment Sediment 

Sediment 

Exposure Point 

Surface Soil 

!Exposure Point Total 

All Soil 

Exposure Point Total 

Surface Water 

Exposure Point Total 

Sediment 

Exposure Point Total 

Receptor Total: Surface Soil + Surface Water+ Sediment 

Receptor Total: All Soil +Surface Water+ Sediment 

Chemical of 

Potential Concern 

2,3,7,8-TCDD Equivalent 

p,p'-DDT 

Chloroform 

cis-1 ,2-Dichloroethylene 

Trichloroethene 

Chemical Total 

2,3,7,8-TCDD Equivalent 

p,p'-DDT 

Chloroform 

cis-1 ,2-Dichloroethylene 

Trichloroethene 

Chemical Total 

alpha-Chlordane 

Dieldrin 

gamma-Chlordane 

!chemical Total 

Aldrin 

alpha-Chlordane 

Dieldrin 

gamma-Chlordane 

!chemical Total 

CAS No. Carcinogenic Risk 

Ingestion Dermal Inhalation Exposure Primary 

Routes Total Target Organ(s) 

1746-01-6 1.8E-07 4.5E-08 1.1 E-08 2.3E-07 
Reproductive, Hepatic, Endocrine, Respiratory, 

Hematologic, Developmental 

50-29-3 5.4E-08 1.4E-08 2.0E-13 6.8E-08 Hepatic 

67-66-3 1.6E-09 -- 1.8E-07 1.9E-07 Hepatic 

156-59-2 -- -- -- -- Urinary, Whole Body 

79-01-6 1.4E-08 -- 2.3E-07 2.5E-07 Developmental, Cardiovascular, Immune 

2.5E-07 5.8E-08 4.3E-07 7.3E-07 

II 7.3E-07 I 
II 7.3E-07 I 

1746-01-6 1.8E-07 4.5E-08 1.1 E-08 2.3E-07 
Reproductive, Hepatic, Endocrine, Respiratory, 

Hematologic, Developmental 

50-29-3 1.4E-08 3.5E-09 5.1 E-14 1.7E-08 Hepatic 

67-66-3 1.6E-09 -- 1.8E-07 1.9E-07 Hepatic 

156-59-2 -- -- -- -- Urinary, Whole Body 

79-01-6 7.1 E-09 -- 1.1 E-07 1.2E-07 Developmental, Cardiovascular, Immune 

2.0E-07 4.8E-08 3.1 E-07 5.6E-07 

I 5.6E-07 I 
I 5.6E-07 I 

5103-71-9 6.8E-10 4.3E-07 -- 4.3E-07 Hepatic 

60-57-1 7.3E-08 1.3E-05 -- 1.3E-05 Hepatic 

12789-03-6 6.0E-10 3.8E-07 -- 3.8E-07 Hepatic 

II 7.5E-08 11.4E-o51 -- II 1.4E-05 II 
I 1.4E-05 I 
I 1.4E-05 I 

309-00-2 2.2E-05 -- -- 2.2E-05 Hepatic 

5103-71-9 6.6E-08 4.2E-09 -- 7.0E-08 Hepatic 

60-57-1 1.4E-05 2.2E-06 -- 1.6E-05 Hepatic 

12789-03-6 7.4E-08 4.7E-09 -- 7.9E-08 Hepatic 

II 3.6E-05 12.2E-061 -- II 3.8E-05 II 
I 3.8E-05 I 
II 

5E-05 

5E-05 
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Non-Carcinogenic Hazard Quotient 

Ingestion Dermal Inhalation Exposure 

Routes Total 

6.8E-03 1.7E-03 2.4E-05 8.5E-03 

1.1 E-03 2.8E-04 -- 1.4E-03 

1.8E-05 -- 2.9E-04 3.0E-04 

1.5E-03 -- -- 1.5E-03 

2.2E-03 -- 9.9E-02 1.0E-01 

1.2E-02 2.0E-03 1.0E-01 1.1E-01 

1.1E-01 

1.1E-01 

6.8E-03 1.7E-03 2.4E-05 8.5E-03 

2.8E-04 7.2E-05 -- 3.6E-04 

1.8E-05 -- 2.9E-04 3.0E-04 

6.3E-04 -- --

1.1 E-03 -- 4.9E-02 5.0E-02 

8.8E-03 1.8E-03 4.9E-02 5.9E-02 

5.9E-02 

1.4E-05 6.0E-02 -- 6.0E-02 

3.2E-04 4.1 E-01 -- 4.1E-01 

1.2E-05 5.4E-02 -- 5.4E-02 

I 3.5E-04 15.2E-01 -- I 5.2E-01 

5.2E-01 

5.2 

1.5E-01 -- -- 1.5E-01 

1.3E-03 8.4E-05 -- 1.4E-03 

6.0E-02 9.6E-03 -- 7.0E-02 

1.5E-03 9.5E-05 -- 1.6E-03 

I 2.1 E-01 19.7E-031 -- I 2.2E-01 

? ?F-

2.2E-01 

I 9E-01 I 
I 8E-01 I 
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TABLE 10.9.RME:EPA RAGS TABLE 10- CURRENT AND FUTURE ADULT TRESSPASSER RISK AND HAZARD SUMMARY- RME 
DES MOINES TCE SITE, DES MOINES, IOWA 

Scenario Timeframe: Current/Future 

Receptor Population: Adult Tresspasser 

Receptor Age: Adult 

Medium Exposure Medium 

Surface Soil Surface Soil, 

Particulates I Vapors 

Surface Soil Total 

All Soil Subsurface Soil, 

Particulates I Vapors 

jAil Soil Total 

Surface Water Surface Water 

Surface Water Total 

Sediment Sediment 

Sediment 

Exposure Point 

Surface Soil 

Exposure Point Total 

Subsurface Soil 

!Exposure Point Total 

Surface Water 

Exposure Point Total 

Sediment 

!Exposure Point Total 

Receptor Total: Surface Soil + Surface Water+ Sediment 

Receptor Total: All Soil +Surface Water+ Sediment 

Chemical of 

Potential Concern 

--

Chemical Total 

--

llrhom;..-,1 Tnbl 

Dieldrin 

!chemical Total 

Aldrin 

Dieldrin 

11'-''""lllvOI ULal 

CAS No. Carcinogenic Risk 

Ingestion Dermal Inhalation Exposure 

Routes Total 

-- -- -- -- --

-- -- -- I -- II 
I -- I 
I O.OE+OO I 

-- -- -- -- --

-- -- -- --

II -- I 
I O.OE+OO 

60-57-1 17.3E-0811.3E-051 --

I 
1.3E-05 

II 7.3E-os 11.3E-o51 -- II 1.3E-05 

I 1.3E-05 

I 1.3E-05 I 
309-00-2 2.2E-05 -- -- 2.2E-05 

60-57-1 1.4E-05 2.2E-06 -- 1.6E-05 

l~ --

II 3.8E-05 I 
I 3.8E-05 I 
I 5E-05 I 
I 5E-05 I 

Page 43 of 43 

Non-Carcinogenic Hazard Quotient 

Primary Ingestion Dermal Inhalation Exposure 

Target Organ(s) Routes Total 

-- -- -- -- --

I -- I -- I -- I --

--

-- -- -- -- --

-- -- -- --

--

O.OE+OO 

Hepatic 3.2E-04 4.1 E-01 -- 4.1E-01 

I 3.2E-04 14.1E-01 -- I 4.1 E-01 

4.1E-01 

Hepatic 1.5E-01 -- -- 1.5E-01 

Hepatic 6.0E-02 9.6E-03 -- 7.0E-02 

2.1 E-01 9.6E-03 -- ? ?F. 

2.2 

2.2E-01 

I 6E-01 I 
6E-01 
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Des Moines TCE Site- Human Health Risk Assessment Addendum 

ATTACHMENT B 

STATISTICAL ANALYSIS OF SITE DATA 
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A I B I c I D I E I F I G I H I I I J I K I L 

1 UCL Statistics for Data Sets with Non-Detects 

2 

3 User Selected Options Des Moines TCE Surface Soils 

4 Date/Time of Computation ProUCL 5.19/20/2016 9:58:36 PM 

5 From File Input- ProUCL Tables Data.xls 

6 
Full Precision OFF 

7 Confidence Coefficient 95% 

8 mber of Bootstrap Operations 2000 

9 

10 DDT 

11 

12 General Statistics 

13 Total Number of Observations 17 Number of Distinct Observations 15 

14 Number of Detects 9 Number of Non-Detects 8 

15 Number of Distinct Detects 9 Number of Distinct Non-Detects 6 

16 
Minimum Detect 5.2 Minimum Non-Detect 3.6 

17 Maximum Detect 3300 Maximum Non-Detect 5.6 

18 Variance Detects 1199555 Percent Non-Detects 47.06'1 

19 Mean Detects 467.6 SD Detects 1095 

20 Median Detects 13 CV Detects 2.342 

21 Skewness Detects 2.704 Kurtosis Detects 7.468 

22 Mean of Logged Detects 3.449 SD of Logged Detects 2.344 

23 

24 Normal GOF Test on Detects Only 

25 Shapiro Wilk Test Statistic 0.509 Shapiro Wilk GOF Test 

26 
5% Shapiro Wilk Critical Value 0.829 Detected Data Not Normal at 5% Significance Level 

27 Lilliefors Test Statistic 0.432 Lilliefors GOF Test 

28 5% Lilliefors Critical Value 0.274 Detected Data Not Normal at 5% Significance Level 

29 Detected Data Not Normal at 5% Significance Level 

30 

31 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs 

32 KM Mean 249.3 KM Standard Error of Mean 202.2 

33 KMSD 786.2 95% KM (BCA) UCL 636.7 

34 95% KM (t) UCL 602.4 95% KM (Percentile Bootstrap) UCL 634.9 

35 95% KM (z) UCL 581.9 95% KM Bootstrap t UCL 27082 

36 
90% KM Chebyshev UCL 856 95% KM Chebyshev UCL 1131 

37 97.5% KM Chebyshev UCL 1512 99% KM Chebyshev UCL 2262 

38 

39 Gamma GOF Tests on Detected Observations Only 

40 A-D Test Statistic 1.435 Anderson-Darling GOF Test 

41 5% A-D Critical Value 0.823 Detected Data Not Gamma Distributed at 5% Significance Leve 

42 K-S Test Statistic 0.39 Kolmogorov-Smirnov GOF 

43 5% K-S Critical Value 0.304 Detected Data Not Gamma Distributed at 5% Significance Leve 

44 Detected Data Not Gamma Distributed at 5% Significance Level 

45 

46 Gamma Statistics on Detected Data Only 

47 khat (MLE) 0.261 k star (bias corrected MLE) 0.248 

48 Theta hat (MLE) 1789 Theta star (bias corrected MLE) 1883 

49 nu hat (MLE) 4.705 nu star (bias corrected) 4.47 

50 Mean (detects) 467.6 

51 

52 Gamma ROS Statistics using Imputed Non-Detects 

53 
GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs 

54 GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20) 
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A I B I c I D I E I F I G I H I I I J I K I L 

55 For such situations, GROS method may yield incorrect values of UCLs and BTVs 

56 This is especially true when the sample size is small. 

57 For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates 

58 Minimum 0.01 Mean 247.5 

59 Maximum 3300 Median 5.2 

60 so 811 cv 3.276 

61 khat (MLE) 0.134 k star (bias corrected MLE) 0.149 

62 Theta hat (MLE) 1854 Theta star (bias corrected MLE) 1659 

63 nu hat (MLE) 4.54 nu star (bias corrected) 5.072 

64 Adjusted Level of Significance (13) 0.0346 

65 Approximate Chi Square Value (5.07, a) 1.186 Adjusted Chi Square Value (5.07, 13) 1.003 

66 95% Gamma Approximate UCL (use when n>-50) 1059 95% Gamma Adjusted UCL (use when n<50) 1252 

67 

68 Estimates of Gamma Parameters using KM Estimates 

69 Mean (KM) 249.3 SD(KM) 786.2 

70 Variance (KM) 618118 SE of Mean (KM) 202.2 

71 khat (KM) 0.101 kstar (KM) 0.122 

72 nu hat (KM) 3.417 nu star (KM) 4.148 

73 theta hat (KM) 2480 theta star (KM) 2043 

74 80% gamma percentile (KM) 222.7 90% gamma percentile (KM) 709.3 

75 95% gamma percentile (KM) 1419 99% gamma percentile (KM) 3578 

76 

77 Gamma Kaplan-Meier (KM) Statistics 

78 Approximate Chi Square Value (4.15, a) 0.781 Adjusted Chi Square Value (4.15, 13) 0.645 

79 %Gamma Approximate KM-UCL (use when n>-50) 1324 95% Gamma Adjusted KM-UCL (use when n<50) 1604 

80 

81 Lognormal GOF Test on Detected Observations Only 

82 Shapiro Wilk Test Statistic 0.768 Shapiro Wilk GOF Test 

83 5% Shapiro Wilk Critical Value 0.829 Detected Data Not Lognormal at 5% Significance Level 

84 Lilliefors Test Statistic 0.28 Lilliefors GOF Test 

85 5% Lilliefors Critical Value 0.274 Detected Data Not Lognormal at 5% Significance Level 

86 Detected Data Not Lognormal at 5% Significance Level 

87 

88 Lognormal ROS Statistics Using Imputed Non-Detects 

89 Mean in Original Scale 247.6 Mean in Log Scale 0.719 

90 SO in Original Scale 810.9 SO in Log Scale 3.468 

91 95% t UCL (assumes normality of ROS data) 591 95% Percentile Bootstrap UCL 591.1 

92 95% BCA Bootstrap UCL 827.8 95% Bootstrap t UCL 23001 

93 95% H-UCL (Log ROS) 434840 

94 

95 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution 

96 KM Mean (logged) 2.434 KM Geo Mean 11.4 

97 KM SO (logged) 1.936 95% Critical H Value (KM-Log) 4.268 

98 KM Standard Error of Mean (logged) 0.498 95% H-UCL (KM -Log) 586.4 

99 KM SO (logged) 1.936 95% Critical H Value (KM-Log) 4.268 

100 KM Standard Error of Mean (logged) 0.498 

101 

102 DL/2 Statistics 

103 DL/2 Normal DL/2 Log-Transformed 

104 Mean in Original Scale 248.5 Mean in Log Scale 2.172 

105 SO in Original Scale 810.6 SO in Log Scale 2.169 

106 95% t UCL (Assumes normality) 591.8 95% H-Stat UCL 1182 

107 DL/2 is not a recommended method, provided for comparisons and historical reasons 

108 
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109 Nonparametric Distribution Free UCL Statistics 

110 Data do not follow a Discernible Distribution at 5% Significance Level 

111 

112 Suggested UCL to Use 

113 99% KM (Chebyshev) UCL 2262 

114 

115 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

116 Recommendations are based upon data size, data distribution, and skewness. 

117 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

118 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici 

119 

120 cis-1 ,2-DCE 

121 

122 General Statistics 

123 Total Number of Observations 17 Number of Distinct Observations 15 

124 Number of Detects 4 Number of Non-Detects 13 

125 Number of Distinct Detects 4 Number of Distinct Non-Detects 11 

126 Minimum Detect 150 Minimum Non-Detect 4.4 

127 Maximum Detect 24000 Maximum Non-Detect 320 

128 Variance Detects 1.284E+8 Percent Non-Detects 76.47° 

129 Mean Detects 7113 SD Detects 11330 

130 Median Detects 2150 CV Detects 1.593 

131 Skewness Detects 1.926 Kurtosis Detects 3.738 

132 Mean of Logged Detects 7.543 SD of Logged Detects 2.117 

133 

134 Normal GOF Test on Detects Only 

135 Shapiro Wilk Test Statistic 0.728 Shapiro Wilk GOF Test 

136 5% Shapiro Wilk Critical Value 0.748 Detected Data Not Normal at 5% Significance Level 

137 Lilliefors Test Statistic 0.385 Lilliefors GOF Test 

138 5% Lilliefors Critical Value 0.375 Detected Data Not Normal at 5% Significance Level 

139 Detected Data Not Normal at 5% Significance Level 

140 

141 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs 

142 KM Mean 1679 KM Standard Error of Mean 1578 

143 KMSD 5634 95% KM (BCA) UCL N/A 

144 95% KM (t) UCL 4434 95% KM (Percentile Bootstrap) UCL N/A 

145 95% KM (z) UCL 4274 95% KM Bootstrap t UCL N/A 

146 90% KM Chebyshev UCL 6412 95% KM Chebyshev UCL 8556 

147 97.5% KM Chebyshev UCL 11532 99% KM Chebyshev UCL 17378 

148 

149 Gamma GOF Tests on Detected Observations Only 

150 A-D Test Statistic 0.27 Anderson-Darling GOF Test 

151 5% A-D Critical Value 0.683 etected data appear Gamma Distributed at 5% Significance Le~ 

152 K-S Test Statistic 0.245 Kolmogorov-Smirnov GOF 

153 5% K-S Critical Value 0.411 etected data appear Gamma Distributed at 5% Significance Le~ 

154 Detected data appear Gamma Distributed at 5% Significance Level 

155 

156 Gamma Statistics on Detected Data Only 

157 khat (MLE) 0.481 k star (bias corrected MLE) 0.287 

158 Theta hat (MLE) 14772 Theta star (bias corrected MLE) 24779 

159 nu hat (MLE) 3.852 nu star (bias corrected) 2.296 

160 Mean (detects) 7113 

161 

162 Gamma ROS Statistics using Imputed Non-Detects 
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163 GROS may not be used when data set has > 50% NOs with many tied observations at multiple DLs 

164 GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20) 

165 For such situations, GROS method may yield incorrect values of UCLs and BTVs 

166 This is especially true when the sample size is small. 

167 For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates 

168 Minimum 0.01 Mean 1674 

169 Maximum 24000 Median 0.01 

170 so 5809 cv 3.471 

171 khat (MLE) 0.0898 k star (bias corrected MLE) 0.113 

172 Theta hat (MLE) 18646 Theta star (bias corrected MLE) 14793 

173 nu hat (MLE) 3.052 nu star (bias corrected) 3.846 

174 Adjusted Level of Significance (13) 0.0346 

175 Approximate Chi Square Value (3.85, a) 0.662 Adjusted Chi Square Value (3.85, 13) 0.541 

176 95% Gamma Approximate UCL (use when n>-50) 9724 95% Gamma Adjusted UCL (use when n<50) N/A 

177 

178 Estimates of Gamma Parameters using KM Estimates 

179 Mean (KM) 1679 SD(KM) 5634 

180 Variance (KM) 31737768 SE of Mean (KM) 1578 

181 khat (KM) 0.0888 kstar (KM) 0.112 

182 nu hat (KM) 3.021 nu star (KM) 3.821 

183 theta hat (KM) 18900 theta star (KM) 14942 

184 80% gamma percentile (KM) 1363 90% gamma percentile (KM) 4665 

185 95% gamma percentile (KM) 9655 99% gamma percentile (KM) 25143 

186 

187 Gamma Kaplan-Meier (KM) Statistics 

188 Approximate Chi Square Value (3.82, a) 0.652 Adjusted Chi Square Value (3.82, 13) 0.533 

189 % Gamma Approximate KM-UCL (use when n>-50) 9837 95% Gamma Adjusted KM-UCL (use when n<50) 12038 

190 95% Gamma Adjusted KM-UCL (use when k<-1 and 15 < n < 50) 

191 

192 Lognormal GOF Test on Detected Observations Only 

193 Shapiro Wilk Test Statistic 1 Shapiro Wilk GOF Test 

194 5% Shapiro Wilk Critical Value 0.748 Detected Data appear Lognormal at 5% Significance Level 

195 Lilliefors Test Statistic 0.151 Lilliefors GOF Test 

196 5% Lilliefors Critical Value 0.375 Detected Data appear Lognormal at 5% Significance Level 

197 Detected Data appear Lognormal at 5% Significance Level 

198 

199 Lognormal ROS Statistics Using Imputed Non-Detects 

200 Mean in Original Scale 1674 Mean in Log Scale 1.042 

201 SO in Original Scale 5809 SO in Log Scale 3.967 

202 95% t UCL (assumes normality of ROS data) 4134 95% Percentile Bootstrap UCL 4424 

203 95% BCA Bootstrap UCL 5862 95% Bootstrap t UCL 36512 

204 95% H-UCL (Log ROS) 24966071 

205 

206 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution 

207 KM Mean (logged) 2.964 KM Geo Mean 19.38 

208 KM SO (logged) 2.727 95% Critical H Value (KM-Log) 5.763 

209 KM Standard Error of Mean (logged) 0.775 95% H-UCL (KM -Log) 40587 

210 KM SO (logged) 2.727 95% Critical H Value (KM-Log) 5.763 

211 KM Standard Error of Mean (logged) 0.775 

212 

213 DL/2 Statistics 

214 DL/2 Normal DL/2 Log-Transformed 

215 Mean in Original Scale 1700 Mean in Log Scale 3.199 

216 SO in Original Scale 5801 SO in Log Scale 3.054 
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217 95% t UCL (Assumes normality) 4156 95% H-Stat UCL 342816 

218 DL/2 is not a recommended method, provided for comparisons and historical reasons 

219 

220 Nonparametric Distribution Free UCL Statistics 

221 Detected Data appear Gamma Distributed at 5% Significance Level 

222 

223 Suggested UCL to Use 

224 KM-UCL (use when k<=1 and 15 < n <50 but k<=1) 12038 

225 

226 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

227 Recommendations are based upon data size, data distribution, and skewness. 

228 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

229 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici 

230 

231 TCE 

232 

233 General Statistics 

234 Total Number of Observations 17 Number of Distinct Observations 15 

235 Number of Detects 9 Number of Non-Detects 8 

236 Number of Distinct Detects 9 Number of Distinct Non-Detects 6 

237 Minimum Detect 15 Minimum Non-Detect 4.7 

238 Maximum Detect 15000 Maximum Non-Detect 7.3 

239 Variance Detects 34456611 Percent Non-Detects 47.06'1 

240 Mean Detects 4429 SO Detects 5870 

241 Median Detects 1200 CV Detects 1.325 

242 Skewness Detects 1.159 Kurtosis Detects -0.187 

243 Mean of Logged Detects 6.533 SO of Logged Detects 2.707 

244 

245 Normal GOF Test on Detects Only 

246 Shapiro Wilk Test Statistic 0.777 Shapiro Wilk GOF Test 

247 5% Shapiro Wilk Critical Value 0.829 Detected Data Not Normal at 5% Significance Level 

248 Lilliefors Test Statistic 0.264 Lilliefors GOF Test 

249 5% Lilliefors Critical Value 0.274 Detected Data appear Normal at 5% Significance Level 

250 Detected Data appear Approximate Normal at 5% Significance Level 

251 

252 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs 

253 KM Mean 2347 KM Standard Error of Mean 1181 

254 KMSD 4593 95% KM (BCA) UCL 4359 

255 95% KM (t) UCL 4410 95% KM (Percentile Bootstrap) UCL 4322 

256 95% KM (z) UCL 4290 95% KM Bootstrap t UCL 6852 

257 90% KM Chebyshev UCL 5891 95% KM Chebyshev UCL 7497 

258 97.5% KM Chebyshev UCL 9725 99% KM Chebyshev UCL 14102 

259 

260 Gamma GOF Tests on Detected Observations Only 

261 A-D Test Statistic 0.385 Anderson-Darling GOF Test 

262 5% A-D Critical Value 0.796 etected data appear Gamma Distributed at 5% Significance Le~ 

263 K-S Test Statistic 0.188 Kolmogorov-Smirnov GOF 

264 5% K-S Critical Value 0.299 etected data appear Gamma Distributed at 5% Significance Le~ 

265 Detected data appear Gamma Distributed at 5% Significance Level 

266 

267 Gamma Statistics on Detected Data Only 

268 khat (MLE) 0.359 k star (bias corrected MLE) 0.314 

269 Theta hat (MLE) 12322 Theta star (bias corrected MLE) 14118 

270 nu hat (MLE) 6.47 nu star (bias corrected) 5.647 
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271 Mean (detects) 4429 

272 

273 Gamma ROS Statistics using Imputed Non-Detects 

274 GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs 

275 GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20) 

276 For such situations, GROS method may yield incorrect values of UCLs and BTVs 

277 This is especially true when the sample size is small. 

278 For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates 

279 Minimum 0.01 Mean 2345 

280 Maximum 15000 Median 15 

281 SD 4735 cv 2.019 

282 khat (MLE) 0.122 k star (bias corrected MLE) 0.14 

283 Theta hat (MLE) 19175 Theta star (bias corrected MLE) 16758 

284 nu hat (MLE) 4.158 nu star (bias corrected) 4.757 

285 Adjusted Level of Significance (13) 0.0346 

286 Approximate Chi Square Value (4.76, a) 1.042 Adjusted Chi Square Value (4.76, 13) 0.875 

287 95% Gamma Approximate UCL (use when n>-50) 10708 95% Gamma Adjusted UCL (use when n<50) 12752 

288 

289 Estimates of Gamma Parameters using KM Estimates 

290 Mean (KM) 2347 SD(KM) 4593 

291 Variance (KM) 21091795 SE of Mean (KM) 1181 

292 khat (KM) 0.261 kstar (KM) 0.254 

293 nu hat (KM) 8.88 nu star (KM) 8.646 

294 theta hat (KM) 8987 theta star (KM) 9229 

295 80% gamma percentile (KM) 3429 90% gamma percentile (KM) 7036 

296 95% gamma percentile (KM) 11303 99% gamma percentile (KM) 22635 

297 

298 Gamma Kaplan-Meier (KM) Statistics 

299 Approximate Chi Square Value (8.65, a) 3.115 Adjusted Chi Square Value (8.65, 13) 2.776 

300 %Gamma Approximate KM-UCL (use when n>-50) 6515 95% Gamma Adjusted KM-UCL (use when n<50) 7310 

301 

302 Lognormal GOF Test on Detected Observations Only 

303 Shapiro Wilk Test Statistic 0.893 Shapiro Wilk GOF Test 

304 5% Shapiro Wilk Critical Value 0.829 Detected Data appear Lognormal at 5% Significance Level 

305 Lilliefors Test Statistic 0.183 Lilliefors GOF Test 

306 5% Lilliefors Critical Value 0.274 Detected Data appear Lognormal at 5% Significance Level 

307 Detected Data appear Lognormal at 5% Significance Level 

308 

309 Lognormal ROS Statistics Using Imputed Non-Detects 

310 Mean in Original Scale 2345 Mean in Log Scale 3.159 

311 SD in Original Scale 4735 SD in Log Scale 4.218 

312 95% t UCL (assumes normality of ROS data) 4350 95% Percentile Bootstrap UCL 4253 

313 95% BCA Bootstrap UCL 4817 95% Bootstrap t UCL 7546 

314 95% H-UCL (Log ROS) 1.626E+9 

315 

316 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution 

317 KM Mean (logged) 4.187 KM Geo Mean 65.83 

318 KM SD (logged) 3.105 95% Critical H Value (KM-Log) 6.497 

319 KM Standard Error of Mean (logged) 0.799 95% H-UCL (KM -Log) 1265107 

320 KM SD (logged) 3.105 95% Critical H Value (KM-Log) 6.497 

321 KM Standard Error of Mean (logged) 0.799 

322 

323 DL/2 Statistics 

324 DL/2 Normal DL/2 Log-Transformed 
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325 Mean in Original Scale 2346 Mean in Log Scale 3.91 

326 SD in Original Scale 4734 SD in Log Scale 3.449 

327 95% t UCL (Assumes normality) 4351 95% H-Stat UCL 9252472 

328 DL/2 is not a recommended method, provided for comparisons and historical reasons 

329 

330 Nonparametric Distribution Free UCL Statistics 

331 Detected Data appear Approximate Normal Distributed at 5% Significance Level 

332 

333 Suggested UCL to Use 

334 95% KM (t) UCL 4410 

335 

336 When a data set follows an approximate (e.g., normal) distribution passing one of the GOF test 

337 When applicable, it is suggested to use a UCL based upon a distribution (e.g., gamma) passing both GOF tests in ProUCL 

338 

339 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

340 Recommendations are based upon data size, data distribution, and skewness. 

341 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

342 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici< 

343 

344 2,3,7,8 TCDD 

345 

346 General Statistics 

347 Total Number of Observations 16 Number of Distinct Observations 15 

348 Number of Detects 14 Number of Non-Detects 2 

349 Number of Distinct Detects 14 Number of Distinct Non-Detects 1 

350 Minimum Detect 0.01 Minimum Non-Detect 0 

351 Maximum Detect 54 Maximum Non-Detect 0 

352 Variance Detects 287.6 Percent Non-Detects 12.5% 

353 Mean Detects 13.63 SD Detects 16.96 

354 Median Detects 8.7 CV Detects 1.244 

355 Skewness Detects 1.352 Kurtosis Detects 1.094 

356 

357 Normal GOF Test on Detects Only 

358 Shapiro Wilk Test Statistic 0.81 Shapiro Wilk GOF Test 

359 5% Shapiro Wilk Critical Value 0.874 Detected Data Not Normal at 5% Significance Level 

360 Lilliefors Test Statistic 0.211 Lilliefors GOF Test 

361 5% Lilliefors Critical Value 0.226 Detected Data appear Normal at 5% Significance Level 

362 Detected Data appear Approximate Normal at 5% Significance Level 

363 

364 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs 

365 KM Mean 11.93 KM Standard Error of Mean 4.135 

366 KMSD 15.94 95% KM (BCA) UCL 19.57 

367 95% KM (t) UCL 19.18 95% KM (Percentile Bootstrap) UCL 18.8 

368 95% KM (z) UCL 18.73 95% KM Bootstrap t UCL 23.15 

369 90% KM Chebyshev UCL 24.33 95% KM Chebyshev UCL 29.95 

370 97.5% KM Chebyshev UCL 37.75 99% KM Chebyshev UCL 53.07 

371 

372 Gamma GOF Tests on Detected Observations Only 

373 A-D Test Statistic 0.47 Anderson-Darling GOF Test 

374 5% A-D Critical Value 0.824 etected data appear Gamma Distributed at 5% Significance Le~ 

375 K-S Test Statistic 0.2 Kolmogorov-Smirnov GOF 

376 5% K-S Critical Value 0.246 etected data appear Gamma Distributed at 5% Significance Le~ 

377 Detected data appear Gamma Distributed at 5% Significance Level 

378 

ED _00 1521 A_00007994-00206 



A I B I c I D I E I F I G I H I I I J I K I L 

379 Gamma Statistics on Detected Data Only 

380 khat (MLE) 0.343 k star (bias corrected MLE) 0.317 

381 Theta hat (MLE) 39.71 Theta star (bias corrected MLE) 42.96 

382 nu hat (MLE) 9.612 nu star (bias corrected) 8.886 

383 Mean (detects) 13.63 

384 

385 Estimates of Gamma Parameters using KM Estimates 

386 Mean (KM) 11.93 SD(KM) 15.94 

387 Variance (KM) 254 SE of Mean (KM) 4.135 

388 khat (KM) 0.56 kstar (KM) 0.497 

389 nu hat (KM) 17.93 nu star (KM) 15.9 

390 theta hat (KM) 21.29 theta star (KM) 24.01 

391 80% gamma percentile (KM) 19.59 90% gamma percentile (KM) 32.32 

392 95% gamma percentile (KM) 45.93 99% gamma percentile (KM) 79.42 

393 

394 Gamma Kaplan-Meier (KM) Statistics 

395 Adjusted Level of Significance (13) 0.0335 

396 Approximate Chi Square Value (15.90, a) 7.891 Adjusted Chi Square Value (15.90, 13) 7.256 

397 %Gamma Approximate KM-UCL (use when n>-50) 24.04 95% Gamma Adjusted KM-UCL (use when n<50) 26.14 

398 

399 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution 

400 KM Mean (logged) N/A KM Geo Mean N/A 

401 KM SD (logged) N/A 95% Critical H Value (KM-Log) N/A 

402 KM Standard Error of Mean (logged) N/A 95% H-UCL (KM -Log) N/A 

403 KM SD (logged) N/A 95% Critical H Value (KM-Log) N/A 

404 KM Standard Error of Mean (logged) N/A 

405 

406 DL/2 Statistics 

407 Mean in Original Scale 11.93 SD in Original Scale 16.46 

408 95% t UCL (Assumes normality) 19.14 

409 DL/2 is not a recommended method, provided for comparisons and historical reasons 

410 

411 Nonparametric Distribution Free UCL Statistics 

412 Detected Data appear Approximate Normal Distributed at 5% Significance Level 

413 

414 Suggested UCL to Use 

415 95% KM (t) UCL 19.18 

416 

417 When a data set follows an approximate (e.g., normal) distribution passing one of the GOF test 

418 When applicable, it is suggested to use a UCL based upon a distribution (e.g., gamma) passing both GOF tests in ProUCL 

419 

420 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

421 Recommendations are based upon data size, data distribution, and skewness. 

422 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

423 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici 

424 
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1 UCL Statistics for Data Sets with Non-Detects 

2 

3 User Selected Options Des Moines TCE All Soils 

4 Date/Time of Computation ProUCL 5.19/20/2016 10:11 :00 PM 

5 From File Input- ProUCL Tables Data_a.xls 

6 
Full Precision OFF 

7 Confidence Coefficient 95% 

8 mber of Bootstrap Operations 2000 

9 

10 DDT 

11 

12 General Statistics 

13 Total Number of Observations 34 Number of Distinct Observations 22 

14 Number of Detects 15 Number of Non-Detects 19 

15 Number of Distinct Detects 15 Number of Distinct Non-Detects 7 

16 
Minimum Detect 5.1 Minimum Non-Detect 3.6 

17 Maximum Detect 3300 Maximum Non-Detect 5.6 

18 Variance Detects 731336 Percent Non-Detects 55.88'1 

19 Mean Detects 301.9 SD Detects 855.2 

20 Median Detects 16 CV Detects 2.833 

21 Skewness Detects 3.533 Kurtosis Detects 12.86 

22 Mean of Logged Detects 3.382 SD of Logged Detects 1.943 

23 

24 Normal GOF Test on Detects Only 

25 Shapiro Wilk Test Statistic 0.402 Shapiro Wilk GOF Test 

26 
5% Shapiro Wilk Critical Value 0.881 Detected Data Not Normal at 5% Significance Level 

27 Lilliefors Test Statistic 0.419 Lilliefors GOF Test 

28 5% Lilliefors Critical Value 0.22 Detected Data Not Normal at 5% Significance Level 

29 Detected Data Not Normal at 5% Significance Level 

30 

31 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs 

32 KM Mean 135.2 KM Standard Error of Mean 100.9 

33 KMSD 568.4 95% KM (BCA) UCL 339.8 

34 95% KM (t) UCL 306 95% KM (Percentile Bootstrap) UCL 320.8 

35 95% KM (z) UCL 301.2 95% KM Bootstrap t UCL 2321 

36 
90% KM Chebyshev UCL 437.9 95% KM Chebyshev UCL 575 

37 97.5% KM Chebyshev UCL 765.3 99% KM Chebyshev UCL 1139 

38 

39 Gamma GOF Tests on Detected Observations Only 

40 A-D Test Statistic 2.134 Anderson-Darling GOF Test 

41 5% A-D Critical Value 0.837 Detected Data Not Gamma Distributed at 5% Significance Leve 

42 K-S Test Statistic 0.334 Kolmogorov-Smirnov GOF 

43 5% K-S Critical Value 0.24 Detected Data Not Gamma Distributed at 5% Significance Leve 

44 Detected Data Not Gamma Distributed at 5% Significance Level 

45 

46 Gamma Statistics on Detected Data Only 

47 khat (MLE) 0.297 k star (bias corrected MLE) 0.282 

48 Theta hat (MLE) 1018 Theta star (bias corrected MLE) 1071 

49 nu hat (MLE) 8.9 nu star (bias corrected) 8.454 

50 Mean (detects) 301.9 

51 

52 Gamma ROS Statistics using Imputed Non-Detects 

53 
GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs 

54 GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20) 
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55 For such situations, GROS method may yield incorrect values of UCLs and BTVs 

56 This is especially true when the sample size is small. 

57 For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates 

58 Minimum 0.01 Mean 133.2 

59 Maximum 3300 Median 0.01 

60 so 577.4 cv 4.335 

61 khat (MLE) 0.131 k star (bias corrected MLE) 0.139 

62 Theta hat (MLE) 1016 Theta star (bias corrected MLE) 956.9 

63 nu hat (MLE) 8.918 nu star (bias corrected) 9.465 

64 Adjusted Level of Significance (13) 0.0422 

65 Approximate Chi Square Value (9.46, a) 3.61 Adjusted Chi Square Value (9.46, 13) 3.432 

66 95% Gamma Approximate UCL (use when n>-50) 349.2 95% Gamma Adjusted UCL (use when n<50) 367.3 

67 

68 Estimates of Gamma Parameters using KM Estimates 

69 Mean (KM) 135.2 SD(KM) 568.4 

70 Variance (KM) 323073 SE of Mean (KM) 100.9 

71 khat (KM) 0.0566 kstar (KM) 0.0712 

72 nu hat (KM) 3.848 nu star (KM) 4.842 

73 theta hat (KM) 2389 theta star (KM) 1899 

74 80% gamma percentile (KM) 50.35 90% gamma percentile (KM) 295.6 

75 95% gamma percentile (KM) 779.2 99% gamma percentile (KM) 2528 

76 

77 Gamma Kaplan-Meier (KM) Statistics 

78 Approximate Chi Square Value (4.84, a) 1.08 Adjusted Chi Square Value (4.84, 13) 0.996 

79 %Gamma Approximate KM-UCL (use when n>-50) 606.3 95% Gamma Adjusted KM-UCL (use when n<50) 657 

80 
95% Gamma Adjusted KM-UCL (use when k<=1 and 15 < n <50) 

81 

82 Lognormal GOF Test on Detected Observations Only 

83 Shapiro Wilk Test Statistic 0.836 Shapiro Wilk GOF Test 

84 5% Shapiro Wilk Critical Value 0.881 Detected Data Not Lognormal at 5% Significance Level 

85 Lilliefors Test Statistic 0.21 Lilliefors GOF Test 

86 5% Lilliefors Critical Value 0.22 Detected Data appear Lognormal at 5% Significance Level 

87 Detected Data appear Approximate Lognormal at 5% Significance Level 

88 

89 Lognormal ROS Statistics Using Imputed Non-Detects 

90 Mean in Original Scale 133.3 Mean in Log Scale 0.321 

91 SO in Original Scale 577.4 SO in Log Scale 3.207 

92 95% t UCL (assumes normality of ROS data) 300.9 95% Percentile Bootstrap UCL 322.9 

93 95% BCA Bootstrap UCL 497.9 95% Bootstrap t UCL 2261 

94 95% H-UCL (Log ROS) 6095 

95 

96 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution 

97 KM Mean (logged) 2.209 KM Geo Mean 9.109 

98 KM SO (logged) 1.625 95% Critical H Value (KM-Log) 3.3 

99 KM Standard Error of Mean (logged) 0.288 95% H-UCL (KM -Log) 86.71 

100 KM SO (logged) 1.625 95% Critical H Value (KM-Log) 3.3 

101 KM Standard Error of Mean (logged) 0.288 

102 

103 DL/2 Statistics 

104 DL/2 Normal DL/2 Log-Transformed 

105 Mean in Original Scale 134.3 Mean in Log Scale 1.886 

106 SO in Original Scale 577.2 SO in Log Scale 1.851 

107 95% t UCL (Assumes normality) 301.8 95% H-Stat UCL 118.1 

108 DL/2 is not a recommended method, provided for comparisons and historical reasons 
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109 

110 Nonparametric Distribution Free UCL Statistics 

111 Detected Data appear Approximate Lognormal Distributed at 5% Significance Level 

112 

113 Suggested UCL to Use 

114 95% KM (Chebyshev) UCL 575 

115 

116 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

117 Recommendations are based upon data size, data distribution, and skewness. 

118 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

119 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici< 

120 

121 cis-1 ,2-DCE 

122 

123 General Statistics 

124 Total Number of Observations 34 Number of Distinct Observations 21 

125 Number of Detects 5 Number of Non-Detects 29 

126 Number of Distinct Detects 5 Number of Distinct Non-Detects 16 

127 Minimum Detect 7.7 Minimum Non-Detect 4.4 

128 Maximum Detect 24000 Maximum Non-Detect 380 

129 Variance Detects 1.064E+8 Percent Non-Detects 85.29'7 

130 Mean Detects 5692 SD Detects 10314 

131 Median Detects 1100 CV Detects 1.812 

132 Skewness Detects 2.154 Kurtosis Detects 4.684 

133 Mean of Logged Detects 6.442 SD of Logged Detects 3.068 

134 

135 Normal GOF Test on Detects Only 

136 Shapiro Wilk Test Statistic 0.654 Shapiro Wilk GOF Test 

137 5% Shapiro Wilk Critical Value 0.762 Detected Data Not Normal at 5% Significance Level 

138 Lilliefors Test Statistic 0.395 Lilliefors GOF Test 

139 5% Lilliefors Critical Value 0.343 Detected Data Not Normal at 5% Significance Level 

140 Detected Data Not Normal at 5% Significance Level 

141 

142 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs 

143 KM Mean 842.3 KM Standard Error of Mean 780.5 

144 KMSD 4071 95% KM (BCA) UCL 2254 

145 95% KM (t) UCL 2163 95% KM (Percentile Bootstrap) UCL 2254 

146 95% KM (z) UCL 2126 95% KM Bootstrap t UCL 12572 

147 90% KM Chebyshev UCL 3184 95% KM Chebyshev UCL 4244 

148 97.5% KM Chebyshev UCL 5716 99% KM Chebyshev UCL 8608 

149 

150 Gamma GOF Tests on Detected Observations Only 

151 A-D Test Statistic 0.204 Anderson-Darling GOF Test 

152 5% A-D Critical Value 0.738 etected data appear Gamma Distributed at 5% Significance Le~ 

153 K-S Test Statistic 0.177 Kolmogorov-Smirnov GOF 

154 5% K-S Critical Value 0.379 etected data appear Gamma Distributed at 5% Significance Le~ 

155 Detected data appear Gamma Distributed at 5% Significance Level 

156 

157 Gamma Statistics on Detected Data Only 

158 khat (MLE) 0.311 k star (bias corrected MLE) 0.258 

159 Theta hat (MLE) 18302 Theta star (bias corrected MLE) 22084 

160 nu hat (MLE) 3.11 nu star (bias corrected) 2.577 

161 Mean (detects) 5692 

162 
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163 Gamma ROS Statistics using Imputed Non-Detects 

164 GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs 

165 GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20) 

166 For such situations, GROS method may yield incorrect values of UCLs and BTVs 

167 This is especially true when the sample size is small. 

168 For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates 

169 Minimum 0.01 Mean 837 

170 Maximum 24000 Median 0.01 

171 SD 4133 cv 4.938 

172 khat (MLE) 0.0853 k star (bias corrected MLE) 0.0974 

173 Theta hat (MLE) 9816 Theta star (bias corrected MLE) 8597 

174 nu hat (MLE) 5.798 nu star (bias corrected) 6.62 

175 Adjusted Level of Significance (!3) 0.0422 

176 Approximate Chi Square Value (6.62, a) 1.965 Adjusted Chi Square Value (6.62, !3) 1.842 

177 95% Gamma Approximate UCL (use when n>=50) 2820 95% Gamma Adjusted UCL (use when n<50) 3008 

178 

179 Estimates of Gamma Parameters using KM Estimates 

180 Mean (KM) 842.3 SD(KM) 4071 

181 Variance (KM) 16569437 SE of Mean (KM) 780.5 

182 khat (KM) 0.0428 kstar (KM) 0.0586 

183 nu hat (KM) 2.911 nu star (KM) 3.988 

184 theta hat (KM) 19672 theta star (KM) 14362 

185 80% gamma percentile (KM) 190.5 90% gamma percentile (KM) 1548 

186 95% gamma percentile (KM) 4696 99% gamma percentile (KM) 17159 

187 

188 Gamma Kaplan-Meier (KM) Statistics 

189 Approximate Chi Square Value (3.99, a) 0.717 Adjusted Chi Square Value (3.99, !3) 0.654 

190 % Gamma Approximate KM-UCL (use when n>-50) 4685 95% Gamma Adjusted KM-UCL (use when n<50) 5135 

191 95% Gamma Adjusted KM-UCL (use when k<=1 and 15 < n <50) 

192 

193 Lognormal GOF Test on Detected Observations Only 

194 Shapiro Wilk Test Statistic 0.983 Shapiro Wilk GOF Test 

195 5% Shapiro Wilk Critical Value 0.762 Detected Data appear Lognormal at 5% Significance Level 

196 Lilliefors Test Statistic 0.173 Lilliefors GOF Test 

197 5% Lilliefors Critical Value 0.343 Detected Data appear Lognormal at 5% Significance Level 

198 Detected Data appear Lognormal at 5% Significance Level 

199 

200 Lognormal ROS Statistics Using Imputed Non-Detects 

201 Mean in Original Scale 837 Mean in Log Scale -4.914 

202 SD in Original Scale 4133 SD in Log Scale 5.655 

203 95% t UCL (assumes normality of ROS data) 2037 95% Percentile Bootstrap UCL 2249 

204 95% BCA Bootstrap UCL 3562 95% Bootstrap t UCL 18465 

205 95% H-UCL (Log ROS) 1.171E+9 

206 

207 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution 

208 KM Mean (logged) 2.253 KM Geo Mean 9.516 

209 KM SD (logged) 2.065 95% Critical H Value (KM-Log) 3.971 

210 KM Standard Error of Mean (logged) 0.403 95% H-UCL (KM -Log) 334 

211 KM SD (logged) 2.065 95% Critical H Value (KM-Log) 3.971 

212 KM Standard Error of Mean (logged) 0.403 

213 

214 DL/2 Statistics 

215 DL/2 Normal DL/2 Log-Transformed 

216 Mean in Original Scale 874.7 Mean in Log Scale 2.698 
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217 SO in Original Scale 4125 SO in Log Scale 2.569 

218 95% t UCL (Assumes normality) 2072 95% H-Stat UCL 3400 

219 DL/2 is not a recommended method, provided for comparisons and historical reasons 

220 

221 Nonparametric Distribution Free UCL Statistics 

222 Detected Data appear Gamma Distributed at 5% Significance Level 

223 

224 Suggested UCL to Use 

225 KM-UCL (use when k<-1 and 15 < n < 50 but k<-1) 5135 

226 

227 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

228 Recommendations are based upon data size, data distribution, and skewness. 

229 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

230 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici< 

231 

232 TCE 

233 

234 General Statistics 

235 Total Number of Observations 34 Number of Distinct Observations 24 

236 Number of Detects 14 Number of Non-Detects 20 

237 Number of Distinct Detects 14 Number of Distinct Non-Detects 11 

238 Minimum Detect 15 Minimum Non-Detect 4.4 

239 Maximum Detect 15000 Maximum Non-Detect 380 

240 Variance Detects 25946010 Percent Non-Detects 58.82° 

241 Mean Detects 3521 SO Detects 5094 

242 Median Detects 525 CV Detects 1.447 

243 Skewness Detects 1.473 Kurtosis Detects 1.019 

244 Mean of Logged Detects 6.582 SO of Logged Detects 2.241 

245 

246 Normal GOF Test on Detects Only 

247 Shapiro Wilk Test Statistic 0.725 Shapiro Wilk GOF Test 

248 5% Shapiro Wilk Critical Value 0.874 Detected Data Not Normal at 5% Significance Level 

249 Lilliefors Test Statistic 0.319 Lilliefors GOF Test 

250 5% Lilliefors Critical Value 0.226 Detected Data Not Normal at 5% Significance Level 

251 Detected Data Not Normal at 5% Significance Level 

252 

253 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs 

254 KM Mean 1453 KM Standard Error of Mean 639.6 

255 KMSD 3594 95% KM (BCA) UCL 2641 

256 95% KM (t) UCL 2535 95% KM (Percentile Bootstrap) UCL 2594 

257 95% KM (z) UCL 2505 95% KM Bootstrap t UCL 3647 

258 90% KM Chebyshev UCL 3372 95% KM Chebyshev UCL 4241 

259 97.5% KM Chebyshev UCL 5447 99% KM Chebyshev UCL 7816 

260 

261 Gamma GOF Tests on Detected Observations Only 

262 A-D Test Statistic 0.489 Anderson-Darling GOF Test 

263 5% A-D Critical Value 0.81 etected data appear Gamma Distributed at 5% Significance Le~ 

264 K-S Test Statistic 0.193 Kolmogorov-Smirnov GOF 

265 5% K-S Critical Value 0.244 etected data appear Gamma Distributed at 5% Significance Le~ 

266 Detected data appear Gamma Distributed at 5% Significance Level 

267 

268 Gamma Statistics on Detected Data Only 

269 khat (MLE) 0.413 k star (bias corrected MLE) 0.372 

270 Theta hat (MLE) 8523 Theta star (bias corrected MLE) 9459 
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271 nu hat (MLE) 11.57 nu star (bias corrected) 10.42 

272 Mean (detects) 3521 

273 

274 Gamma ROS Statistics using Imputed Non-Detects 

275 GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs 

276 GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20) 

277 For such situations, GROS method may yield incorrect values of UCLs and BTVs 

278 This is especially true when the sample size is small. 

279 For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates 

280 Minimum 0.01 Mean 1450 

281 Maximum 15000 Median 0.01 

282 SD 3649 cv 2.517 

283 khat (MLE) 0.11 k star (bias corrected MLE) 0.12 

284 Theta hat (MLE) 13155 Theta star (bias corrected MLE) 12073 

285 nu hat (MLE) 7.494 nu star (bias corrected) 8.166 

286 Adjusted Level of Significance (13) 0.0422 

287 Approximate Chi Square Value (8.17, a) 2.831 Adjusted Chi Square Value (8.17, 13) 2.678 

288 95% Gamma Approximate UCL (use when n>=50) 4181 95% Gamma Adjusted UCL (use when n<50) 4421 

289 

290 Estimates of Gamma Parameters using KM Estimates 

291 Mean (KM) 1453 SD(KM) 3594 

292 Variance (KM) 12914448 SE of Mean (KM) 639.6 

293 khat (KM) 0.163 kstar (KM) 0.169 

294 nu hat (KM) 11.11 nu star (KM) 11.47 

295 theta hat (KM) 8889 theta star (KM) 8616 

296 80% gamma percentile (KM) 1727 90% gamma percentile (KM) 4363 

297 95% gamma percentile (KM) 7802 99% gamma percentile (KM) 17558 

298 

299 Gamma Kaplan-Meier (KM) Statistics 

300 Approximate Chi Square Value (11.47, a) 4.877 Adjusted Chi Square Value (11.47, 13) 4.666 

301 % Gamma Approximate KM-UCL (use when n>-50) 3415 95% Gamma Adjusted KM-UCL (use when n<50) 3570 

302 

303 Lognormal GOF Test on Detected Observations Only 

304 Shapiro Wilk Test Statistic 0.937 Shapiro Wilk GOF Test 

305 5% Shapiro Wilk Critical Value 0.874 Detected Data appear Lognormal at 5% Significance Level 

306 Lilliefors Test Statistic 0.128 Lilliefors GOF Test 

307 5% Lilliefors Critical Value 0.226 Detected Data appear Lognormal at 5% Significance Level 

308 Detected Data appear Lognormal at 5% Significance Level 

309 

310 Lognormal ROS Statistics Using Imputed Non-Detects 

311 Mean in Original Scale 1451 Mean in Log Scale 2.883 

312 SD in Original Scale 3648 SD in Log Scale 3.592 

313 95% t UCL (assumes normality of ROS data) 2510 95% Percentile Bootstrap UCL 2547 

314 95% BCA Bootstrap UCL 2826 95% Bootstrap t UCL 3529 

315 95% H-UCL (Log ROS) 645375 

316 

317 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution 

318 KM Mean (logged) 3.594 KM Geo Mean 36.38 

319 KM SD (logged) 2.864 95% Critical H Value (KM-Log) 5.256 

320 KM Standard Error of Mean (logged) 0.511 95% H-UCL (KM -Log) 30227 

321 KM SD (logged) 2.864 95% Critical H Value (KM-Log) 5.256 

322 KM Standard Error of Mean (logged) 0.511 

323 

324 DL/2 Statistics 
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325 DL/2 Normal DL/2 Log-Transformed 

326 Mean in Original Scale 1457 Mean in Log Scale 3.383 

327 SO in Original Scale 3646 SO in Log Scale 3.147 

328 95% t UCL (Assumes normality) 2515 95% H-Stat UCL 95665 

329 DL/2 is not a recommended method, provided for comparisons and historical reasons 

330 

331 Nonparametric Distribution Free UCL Statistics 

332 Detected Data appear Gamma Distributed at 5% Significance Level 

333 

334 Suggested UCL to Use 

335 KM-UCL (use when k<-1 and 15 < n < 50 but k<-1) 3570 

336 

337 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

338 Recommendations are based upon data size, data distribution, and skewness. 

339 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

340 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici< 

341 

342 2,3,7,8 TCDD 

343 

344 General Statistics 

345 Total Number of Observations 16 Number of Distinct Observations 15 

346 Number of Detects 14 Number of Non-Detects 2 

347 Number of Distinct Detects 14 Number of Distinct Non-Detects 1 

348 Minimum Detect 0.01 Minimum Non-Detect 0 

349 Maximum Detect 54 Maximum Non-Detect 0 

350 Variance Detects 287.6 Percent Non-Detects 12.5% 

351 Mean Detects 13.63 SO Detects 16.96 

352 Median Detects 8.7 CV Detects 1.244 

353 Skewness Detects 1.352 Kurtosis Detects 1.094 

354 

355 Normal GOF Test on Detects Only 

356 Shapiro Wilk Test Statistic 0.81 Shapiro Wilk GOF Test 

357 5% Shapiro Wilk Critical Value 0.874 Detected Data Not Normal at 5% Significance Level 

358 Lilliefors Test Statistic 0.211 Lilliefors GOF Test 

359 5% Lilliefors Critical Value 0.226 Detected Data appear Normal at 5% Significance Level 

360 Detected Data appear Approximate Normal at 5% Significance Level 

361 

362 Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs 

363 KM Mean 11.93 KM Standard Error of Mean 4.135 

364 KMSD 15.94 95% KM (BCA) UCL 18.93 

365 95% KM (t) UCL 19.18 95% KM (Percentile Bootstrap) UCL 18.59 

366 95% KM (z) UCL 18.73 95% KM Bootstrap t UCL 22.34 

367 90% KM Chebyshev UCL 24.33 95% KM Chebyshev UCL 29.95 

368 97.5% KM Chebyshev UCL 37.75 99% KM Chebyshev UCL 53.07 

369 

370 Gamma GOF Tests on Detected Observations Only 

371 A-D Test Statistic 0.47 Anderson-Darling GOF Test 

372 5% A-D Critical Value 0.824 etected data appear Gamma Distributed at 5% Significance Le~ 

373 K-S Test Statistic 0.2 Kolmogorov-Smirnov GOF 

374 5% K-S Critical Value 0.246 etected data appear Gamma Distributed at 5% Significance Le~ 

375 Detected data appear Gamma Distributed at 5% Significance Level 

376 

377 Gamma Statistics on Detected Data Only 

378 khat (MLE) 0.343 k star (bias corrected MLE) 0.317 
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379 Theta hat (MLE) 39.71 Theta star (bias corrected MLE) 42.96 

380 nu hat (MLE) 9.612 nu star (bias corrected) 8.886 

381 Mean (detects) 13.63 

382 

383 Estimates of Gamma Parameters using KM Estimates 

384 Mean (KM) 11.93 SD(KM) 15.94 

385 Variance (KM) 254 SE of Mean (KM) 4.135 

386 khat (KM) 0.56 kstar (KM) 0.497 

387 nu hat (KM) 17.93 nu star (KM) 15.9 

388 theta hat (KM) 21.29 theta star (KM) 24.01 

389 80% gamma percentile (KM) 19.59 90% gamma percentile (KM) 32.32 

390 95% gamma percentile (KM) 45.93 99% gamma percentile (KM) 79.42 

391 

392 Gamma Kaplan-Meier (KM) Statistics 

393 Adjusted Level of Significance (13) 0.0335 

394 Approximate Chi Square Value (15.90, a) 7.891 Adjusted Chi Square Value (15.90, 13) 7.256 

395 %Gamma Approximate KM-UCL (use when n>-50) 24.04 95% Gamma Adjusted KM-UCL (use when n<50) 26.14 

396 

397 Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution 

398 KM Mean (logged) N/A KM Geo Mean N/A 

399 KM SD (logged) N/A 95% Critical H Value (KM-Log) N/A 

400 KM Standard Error of Mean (logged) N/A 95% H-UCL (KM -Log) N/A 

401 KM SD (logged) N/A 95% Critical H Value (KM-Log) N/A 

402 KM Standard Error of Mean (logged) N/A 

403 

404 DL/2 Statistics 

405 Mean in Original Scale 11.93 SD in Original Scale 16.46 

406 95% t UCL (Assumes normality) 19.14 

407 DL/2 is not a recommended method, provided for comparisons and historical reasons 

408 

409 Nonparametric Distribution Free UCL Statistics 

410 Detected Data appear Approximate Normal Distributed at 5% Significance Level 

411 

412 Suggested UCL to Use 

413 95% KM (t) UCL 19.18 

414 

415 When a data set follows an approximate (e.g., normal) distribution passing one of the GOF test 

416 When applicable, it is suggested to use a UCL based upon a distribution (e.g., gamma) passing both GOF tests in ProUCL 

417 

418 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

419 Recommendations are based upon data size, data distribution, and skewness. 

420 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

421 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici< 

422 
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1 UCL Statistics for Data Sets with Non-Detects 

2 

3 User Selected Options Des Moines TCE Sediment 

4 Date/Time of Computation ProUCL 5.19/15/2016 4:02:06 PM 

5 From File ProUCL Tables Data_b.xls 

6 
Full Precision OFF 

7 Confidence Coefficient 95% 

8 mber of Bootstrap Operations 2000 

9 

10 

11 Aldrin 

12 

13 General Statistics 

14 Total Number of Observations 11 Number of Distinct Observations 11 

15 Number of Missing Observations 0 

16 
Minimum 16 Mean 2353 

17 Maximum 15000 Median 360 

18 SD 4490 Std. Error of Mean 1354 

19 Coefficient of Variation 1.908 Skewness 2.651 

20 

21 Normal GOF Test 

22 Shapiro Wilk Test Statistic 0.592 Shapiro Wilk GOF Test 

23 5% Shapiro Wilk Critical Value 0.85 Data Not Normal at 5% Significance Level 

24 Lilliefors Test Statistic 0.329 Lilliefors GOF Test 

25 5% Lilliefors Critical Value 0.251 Data Not Normal at 5% Significance Level 

26 
Data Not Normal at 5% Significance Level 

27 

28 Assuming Normal Distribution 

29 95% Normal UCL 95% UCLs (Adjusted for Skewness) 

30 95% Student's-t UCL 4806 95% Adjusted-CLT UCL (Chen-1995) 5736 

31 95% Modified-t UCL (Johnson-1978) 4987 

32 

33 Gamma GOF Test 

34 A-D Test Statistic 0.469 Anderson-Darling Gamma GOF Test 

35 5% A-D Critical Value 0.806 etected data appear Gamma Distributed at 5% Significance Le~ 

36 
K-S Test Statistic 0.217 Kolmogorov-Smirnov Gamma GOF Test 

37 5% K-S Critical Value 0.273 etected data appear Gamma Distributed at 5% Significance Le~ 

38 Detected data appear Gamma Distributed at 5% Significance Level 

39 

40 Gamma Statistics 

41 khat (MLE) 0.371 k star (bias corrected MLE) 0.331 

42 Theta hat (MLE) 6337 Theta star (bias corrected MLE) 7116 

43 nu hat (MLE) 8.168 nu star (bias corrected) 7.274 

44 MLE Mean (bias corrected) 2353 MLE Sd (bias corrected) 4092 

45 Approximate Chi Square Value (0.05) 2.322 

46 Adjusted Level of Significance 0.0278 Adjusted Chi Square Value 1.893 

47 

48 Assuming Gamma Distribution 

49 95% Approximate Gamma UCL (use when n>-50) 7370 95% Adjusted Gamma UCL (use when n<50) 9041 

50 

51 Lognormal GOF Test 

52 Shapiro Wilk Test Statistic 0.965 Shapiro Wilk Lognormal GOF Test 

53 
5% Shapiro Wilk Critical Value 0.85 Data appear Lognormal at 5% Significance Level 

54 Lilliefors Test Statistic 0.121 Lilliefors Lognormal GOF Test 
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55 5% Lilliefors Critical Value 0.251 Data appear Lognormal at 5% Significance Level 

56 Data appear Lognormal at 5% Significance Level 

57 

58 Lognormal Statistics 

59 Minimum of Logged Data 2.773 Mean of logged Data 5.97 

60 Maximum of Logged Data 9.616 SO of logged Data 2.212 

61 

62 Assuming Lognormal Distribution 

63 95% H-UCL 234012 90% Chebyshev (MVUE) UCL 8274 

64 95% Chebyshev (MVUE) UCL 10804 97.5% Chebyshev (MVUE) UCL 14315 

65 99% Chebyshev (MVUE) UCL 21212 

66 

67 Nonparametric Distribution Free UCL Statistics 

68 Data appear to follow a Discernible Distribution at 5% Significance Level 

69 

70 Non parametric Distribution Free UCLs 

71 95% CLT UCL 4579 95% Jackknife UCL 4806 

72 95% Standard Bootstrap UCL 4512 95% Bootstrap-t UCL 9410 

73 95% Hall's Bootstrap UCL 11189 95% Percentile Bootstrap UCL 4712 

74 95% BCA Bootstrap UCL 6091 

75 90% Chebyshev(Mean, Sd) UCL 6414 95% Chebyshev(Mean, Sd) UCL 8253 

76 97.5% Chebyshev(Mean, Sd) UCL 10807 99% Chebyshev(Mean, Sd) UCL 15822 

77 

78 Suggested UCL to Use 

79 95% Adjusted Gamma UCL 9041 

80 

81 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

82 Recommendations are based upon data size, data distribution, and skewness. 

83 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

84 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici< 

85 

86 

87 Alpha-Chlordane 

88 

89 General Statistics 

90 Total Number of Observations 11 Number of Distinct Observations 11 

91 Number of Missing Observations 0 

92 Minimum 110 Mean 694.5 

93 Maximum 2200 Median 360 

94 so 685 Std. Error of Mean 206.5 

95 Coefficient of Variation 0.986 Skewness 1.408 

96 

97 Normal GOF Test 

98 Shapiro Wilk Test Statistic 0.776 Shapiro Wilk GOF Test 

99 5% Shapiro Wilk Critical Value 0.85 Data Not Normal at 5% Significance Level 

100 Lilliefors Test Statistic 0.317 Lilliefors GOF Test 

101 5% Lilliefors Critical Value 0.251 Data Not Normal at 5% Significance Level 

102 Data Not Normal at 5% Significance Level 

103 

104 Assuming Normal Distribution 

105 95% Normal UCL 95% UCLs (Adjusted for Skewness) 

106 95% Student's-t UCL 1069 95% Adjusted-CLT UCL (Chen-1995) 1128 

107 95% Modified-t UCL (Johnson-1978) 1083 

108 
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109 Gamma GOF Test 

110 A-D Test Statistic 0.637 Anderson-Darling Gamma GOF Test 

111 5% A-D Critical Value 0.744 etected data appear Gamma Distributed at 5% Significance Le~ 

112 K-S Test Statistic 0.224 Kolmogorov-Smirnov Gamma GOF Test 

113 5% K-S Critical Value 0.26 etected data appear Gamma Distributed at 5% Significance Le~ 

114 Detected data appear Gamma Distributed at 5% Significance Level 

115 

116 Gamma Statistics 

117 khat (MLE) 1.382 k star (bias corrected MLE) 1.066 

118 Theta hat (MLE) 502.6 Theta star (bias corrected MLE) 651.8 

119 nu hat (MLE) 30.4 nu star (bias corrected) 23.44 

120 MLE Mean (bias corrected) 694.5 MLE Sd (bias corrected) 672.8 

121 Approximate Chi Square Value (0.05) 13.43 

122 Adjusted Level of Significance 0.0278 Adjusted Chi Square Value 12.21 

123 

124 Assuming Gamma Distribution 

125 95% Approximate Gamma UCL (use when n>-50) 1213 95% Adjusted Gamma UCL (use when n<50) 1334 

126 

127 Lognormal GOF Test 

128 Shapiro Wilk Test Statistic 0.937 Shapiro Wilk Lognormal GOF Test 

129 5% Shapiro Wilk Critical Value 0.85 Data appear Lognormal at 5% Significance Level 

130 Lilliefors Test Statistic 0.162 Lilliefors Lognormal GOF Test 

131 5% Lilliefors Critical Value 0.251 Data appear Lognormal at 5% Significance Level 

132 Data appear Lognormal at 5% Significance Level 

133 

134 Lognormal Statistics 

135 Minimum of Logged Data 4.7 Mean of logged Data 6.14 

136 Maximum of Logged Data 7.696 SD of logged Data 0.929 

137 

138 Assuming Lognormal Distribution 

139 95% H-UCL 1656 90% Chebyshev (MVUE) UCL 1280 

140 95% Chebyshev (MVUE) UCL 1552 97.5% Chebyshev (MVUE) UCL 1930 

141 99% Chebyshev (MVUE) UCL 2673 

142 

143 Nonparametric Distribution Free UCL Statistics 

144 Data appear to follow a Discernible Distribution at 5% Significance Level 

145 

146 Non parametric Distribution Free UCLs 

147 95% CLT UCL 1034 95% Jackknife UCL 1069 

148 95% Standard Bootstrap UCL 1020 95% Bootstrap-t UCL 1254 

149 95% Hall's Bootstrap UCL 1014 95% Percentile Bootstrap UCL 1039 

150 95% BCA Bootstrap UCL 1118 

151 90% Chebyshev(Mean, Sd) UCL 1314 95% Chebyshev(Mean, Sd) UCL 1595 

152 97.5% Chebyshev(Mean, Sd) UCL 1984 99% Chebyshev(Mean, Sd) UCL 2749 

153 

154 Suggested UCL to Use 

155 95% Adjusted Gamma UCL 1334 

156 

157 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

158 Recommendations are based upon data size, data distribution, and skewness. 

159 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

160 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici< 

161 

162 
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163 Chlordane 

164 

165 General Statistics 

166 Total Number of Observations 11 Number of Distinct Observations 11 

167 Number of Missing Observations 0 

168 Minimum 100 Mean 698.2 

169 Maximum 2500 Median 300 

170 SD 800.1 Std. Error of Mean 241.3 

171 Coefficient of Variation 1.146 Skewness 1.488 

172 

173 Normal GOF Test 

174 Shapiro Wilk Test Statistic 0.749 Shapiro Wilk GOF Test 

175 5% Shapiro Wilk Critical Value 0.85 Data Not Normal at 5% Significance Level 

176 Lilliefors Test Statistic 0.323 Lilliefors GOF Test 

177 5% Lilliefors Critical Value 0.251 Data Not Normal at 5% Significance Level 

178 Data Not Normal at 5% Significance Level 

179 

180 Assuming Normal Distribution 

181 95% Normal UCL 95% UCLs (Adjusted for Skewness) 

182 95% Student's-t UCL 1135 95% Adjusted-CLT UCL (Chen-1995) 1211 

183 95% Modified-t UCL (Johnson-1978) 1153 

184 

185 Gamma GOF Test 

186 A-D Test Statistic 0.724 Anderson-Darling Gamma GOF Test 

187 5% A-D Critical Value 0.751 etected data appear Gamma Distributed at 5% Significance Le~ 

188 K-S Test Statistic 0.283 Kolmogorov-Smirnov Gamma GOF Test 

189 5% K-S Critical Value 0.262 Data Not Gamma Distributed at 5% Significance Level 

190 Detected data follow Appr. Gamma Distribution at 5% Significance Level 

191 

192 Gamma Statistics 

193 khat (MLE) 1.026 k star (bias corrected MLE) 0.807 

194 Theta hat (MLE) 680.3 Theta star (bias corrected MLE) 865.2 

195 nu hat (MLE) 22.58 nu star (bias corrected) 17.75 

196 MLE Mean (bias corrected) 698.2 MLE Sd (bias corrected) 777.2 

197 Approximate Chi Square Value (0.05) 9.213 

198 Adjusted Level of Significance 0.0278 Adjusted Chi Square Value 8.228 

199 

200 Assuming Gamma Distribution 

201 95% Approximate Gamma UCL (use when n>-50) 1345 95% Adjusted Gamma UCL (use when n<50) 1506 

202 

203 Lognormal GOF Test 

204 Shapiro Wilk Test Statistic 0.913 Shapiro Wilk Lognormal GOF Test 

205 5% Shapiro Wilk Critical Value 0.85 Data appear Lognormal at 5% Significance Level 

206 Lilliefors Test Statistic 0.227 Lilliefors Lognormal GOF Test 

207 5% Lilliefors Critical Value 0.251 Data appear Lognormal at 5% Significance Level 

208 Data appear Lognormal at 5% Significance Level 

209 

210 Lognormal Statistics 

211 Minimum of Logged Data 4.605 Mean of logged Data 5.988 

212 Maximum of Logged Data 7.824 SD of logged Data 1.092 

213 

214 Assuming Lognormal Distribution 

215 95% H-UCL 2166 90% Chebyshev (MVUE) UCL 1375 

216 95% Chebyshev (MVUE) UCL 1694 97.5% Chebyshev (MVUE) UCL 2137 
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217 99% Chebyshev (MVUE) UCL 3008 

218 

219 Nonparametric Distribution Free UCL Statistics 

220 Data appear to follow a Discernible Distribution at 5% Significance Level 

221 

222 Non parametric Distribution Free UCLs 

223 95% CLT UCL 1095 95% Jackknife UCL 1135 

224 95% Standard Bootstrap UCL 1081 95% Bootstrap-t UCL 1393 

225 95% Hall's Bootstrap UCL 1068 95% Percentile Bootstrap UCL 1126 

226 95% BCA Bootstrap UCL 1193 

227 90% Chebyshev(Mean, Sd) UCL 1422 95% Chebyshev(Mean, Sd) UCL 1750 

228 97.5% Chebyshev(Mean, Sd) UCL 2205 99% Chebyshev(Mean, Sd) UCL 3099 

229 

230 Suggested UCL to Use 

231 95% Adjusted Gamma UCL 1506 

232 

233 When a data set follows an approximate (e.g., normal) distribution passing one of the GOF test 

234 When applicable, it is suggested to use a UCL based upon a distribution (e.g., gamma) passing both GOF tests in ProUCL 

235 

236 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

237 Recommendations are based upon data size, data distribution, and skewness. 

238 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

239 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici< 

240 

241 

242 Dieldrin 

243 

244 General Statistics 

245 Total Number of Observations 11 Number of Distinct Observations 10 

246 Number of Missing Observations 0 

247 Minimum 86 Mean 2383 

248 Maximum 9500 Median 810 

249 so 3094 Std. Error of Mean 932.9 

250 Coefficient of Variation 1.298 Skewness 1.732 

251 

252 Normal GOF Test 

253 Shapiro Wilk Test Statistic 0.733 Shapiro Wilk GOF Test 

254 5% Shapiro Wilk Critical Value 0.85 Data Not Normal at 5% Significance Level 

255 Lilliefors Test Statistic 0.316 Lilliefors GOF Test 

256 5% Lilliefors Critical Value 0.251 Data Not Normal at 5% Significance Level 

257 Data Not Normal at 5% Significance Level 

258 

259 Assuming Normal Distribution 

260 95% Normal UCL 95% UCLs (Adjusted for Skewness) 

261 95% Student's-t UCL 4074 95% Adjusted-CL T UCL (Chen-1995) 4438 

262 95% Modified-t UCL (Johnson-1978) 4155 

263 

264 Gamma GOF Test 

265 A-D Test Statistic 0.371 Anderson-Darling Gamma GOF Test 

266 5% A-D Critical Value 0.765 etected data appear Gamma Distributed at 5% Significance Le~ 

267 K-S Test Statistic 0.185 Kolmogorov-Smirnov Gamma GOF Test 

268 5% K-S Critical Value 0.265 etected data appear Gamma Distributed at 5% Significance Le~ 

269 Detected data appear Gamma Distributed at 5% Significance Level 

270 
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271 Gamma Statistics 

272 khat (MLE) 0.718 k star (bias corrected MLE) 0.583 

273 Theta hat (MLE) 3321 Theta star (bias corrected MLE) 4091 

274 nu hat (MLE) 15.79 nu star (bias corrected) 12.82 

275 MLE Mean (bias corrected) 2383 MLE Sd (bias corrected) 3122 

276 Approximate Chi Square Value (0.05) 5.77 

277 Adjusted Level of Significance 0.0278 Adjusted Chi Square Value 5.02 

278 

279 Assuming Gamma Distribution 

280 95% Approximate Gamma UCL (use when n>=50) 5294 95% Adjusted Gamma UCL (use when n<50) 6085 

281 

282 Lognormal GOF Test 

283 Shapiro Wilk Test Statistic 0.957 Shapiro Wilk Lognormal GOF Test 

284 5% Shapiro Wilk Critical Value 0.85 Data appear Lognormal at 5% Significance Level 

285 Lilliefors Test Statistic 0.139 Lilliefors Lognormal GOF Test 

286 5% Lilliefors Critical Value 0.251 Data appear Lognormal at 5% Significance Level 

287 Data appear Lognormal at 5% Significance Level 

288 

289 Lognormal Statistics 

290 Minimum of Logged Data 4.454 Mean of logged Data 6.937 

291 Maximum of Logged Data 9.159 SD of logged Data 1.482 

292 

293 Assuming Lognormal Distribution 

294 95% H-UCL 20056 90% Chebyshev (MVUE) UCL 6363 

295 95% Chebyshev (MVUE) UCL 8066 97.5% Chebyshev (MVUE) UCL 10429 

296 99% Chebyshev (MVUE) UCL 15071 

297 

298 Nonparametric Distribution Free UCL Statistics 

299 Data appear to follow a Discernible Distribution at 5% Significance Level 

300 

301 Non parametric Distribution Free UCLs 

302 95% CLT UCL 3918 95% Jackknife UCL 4074 

303 95% Standard Bootstrap UCL 3877 95% Bootstrap-t UCL 6841 

304 95% Hall's Bootstrap UCL 12698 95% Percentile Bootstrap UCL 3974 

305 95% BCA Bootstrap UCL 4308 

306 90% Chebyshev(Mean, Sd) UCL 5182 95% Chebyshev(Mean, Sd) UCL 6450 

307 97.5% Chebyshev(Mean, Sd) UCL 8209 99% Chebyshev(Mean, Sd) UCL 11666 

308 

309 Suggested UCL to Use 

310 95% Adjusted Gamma UCL 6085 

311 

312 Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL. 

313 Recommendations are based upon data size, data distribution, and skewness. 

314 These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006). 

315 owever, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistici 

316 
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ATTACHMENT 3 
GROUNDWATER-TO-OUTDOOR AIR MODEL FOR CONSTRUCTION 
AND UTILITY WORKERS -- TRENCH EXPOSURE 
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ACRONYMS AND ABBREVIATIONS 

Micrograms per cubic meter 
Micrograms per liter 
Degrees Celsius 
Degrees Kelvin 

A Area of the trench (square meters [m2
]) 

ACvad Volumetric air content in vadose zone soil ( cm3 /cm3
) 

ACH Air changes per hour 
atm-m3/mol Atmosphere-cubic meters per mole 
atm-m3/mole-°K Atmosphere-cubic meters per mole-degrees Kelvin 

em 
cm3 

cm/s 
cm2/m2 

COPC 
Ctrench 

CGW 

Dair 

Dtrench 

F 

g/mol 

HHRA 
H; 
hr-1 

kG,H20 
K; 
k;G 
k;L 

kL,Q2 

Centimeter 
Cubic centimeters 
Centimeters per second 
Square centimeters per square meter 
Chemical of potential concern 
Concentration of contaminant in the trench 
Concentration of contaminant in groundwater 

Diffusion coefficient in air 
Depth of trench 

Fraction of floor through which contaminant can enter (unitless) 

Grams per mole 

Human health risk assessment 
Henry's Law constant of contaminant i 
Event per hour 

Gas-phase mass transfer coefficient of water vapor at 25°C 
Mass transfer coefficient of contaminant i 
Gas-phase mass transfer coefficient of contaminant i 
Liquid-phase mass transfer coefficient of contaminant i 
Liquid-phase mass transfer coefficient of oxygen at 25 °C 

Liters per cubic centimeter 
Distance between trench bottom and groundwater (see Equation 7) (em) 
Depth to groundwater 

m2 
m3 

MWH2o 
MW; 
MWm 

Porvad 

Liters per cubic meter 

Square meters 
Cubic meters 
Molecular weight of water (g/mol) 
Molecular weight of contaminant i (g/mol) 
Molecular weight of oxygen (g/mol) 

Total soil porosity in vadose zone (cm3/cm3
) 

5-ii 
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R 

s/hr 

T 

VDEQ 
v 
VF 

Ideal gas constant 

Seconds per hour 

Average system absolute temperature 

Virginia Department of Environmental Quality 
Volume oftrench 
Volatilization factor 

5-iii 

ED _00 1521 A_00007994-00226 



1.0 INTRODUCTION 

As discussed in Section 2.3.1.2 of Human Health Risk Assessment (HHRA) Addendum, chemical

specific volatilization factors (VF) were used to estimate exposure point Des Moines TCE Site (Site). 

Chemical-specific VFs were used to relate the concentration of volatile chemicals in the groundwater at 

the Site to airborne concentrations in a construction trench that may be inhaled by construction or utility 

workers. Calculation of the VFs for this scenario was based on Virginia Department of Environmental 

Quality (VDEQ) guidance (VDEQ 2016), which provides a combination of a vadose zone model to 

estimate volatilization of gaseous COPCs from groundwater in a trench, and a box model to estimate 

dispersion of the COPCs from the air inside the trench into aboveground air. Separate models are 

available for situations where the depth to groundwater is less than or equal to 15 feet below grade and 

greater than 15 feet below grade. The shallowest depth to groundwater was encountered at approximately 

10 feet below ground surface (bgs). The shallow groundwater model (groundwater [GW]::; 15 feet), 

which can be described by five equations, is detailed below. 

Equation 1 

where: 

Cu:ench 

CGW 

VF 

Equation 2 

where: 

VFG\V;:J5 

K; 

A 

F 

ACH 

v 

Ctrench CGW'J VF 

Concentration of contaminant in the trench (micrograms per cubic meter [11g/n:f]) 

Concentration of contaminant in groundwater (micrograms per liter [11g/L]) 

Volatilization factor (see Equations 2 through 5) (liters per cubic meter [Lim']) 

VFGwgs 

Volatilization factor (L/m3
) for groundwater less than or equal to 15 feet below 

ground surface 

Mass transfer coefficient of contaminanti (see Equation 4) (centimeters per 
second [em/ s]) 

Area of the trench (square meters [m2
]) 

Fraction of floor through which contaminant can enter (unitless) 

Air changes per hour (hr·1
) 

Volume of trench (cubic meters [m3
]) 
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3,600 

Conversion factor (liter per cubic centimeter [Liclll']) 

Conversion factor (square centimeters per square meter [cm2/m2
]) 

Conversion factor (seconds per hour[s/hr]) 

If the aspect ratio of the trench (that is, the ratio of trench width to trench depth) is less than or equal to 1, 

VDEQ (VDEQ 2014) recommends ACH of2 hr-1 to calculate the VF. For the purposes of the human 

HHRA, default construction trench dimensions were assumed as follows: depth- 8 feet; width- 3 feet; 

and length- 8 feet. These assumptions result in an aspect ratio of 0.375 (3 feet/8 feet). Therefore, an 

ACH value of2 hr-1 was assumed. 

The assumptions used for the trench model input parameters are summarized in Table 3-1. 

Equation 3 

where: 

K; 

R 

T 

H; 

Equation 4 

where: 

MWm 

MW; 

1 I {(llkiL) + [(R T) I (JL kiG)]} 

Mass transfer coefficient of contaminant i 

Liquid-phase mass transfer coefficient of contaminant i (see Equation 4) ( cm/s) 

Ideal gas constant (atm-m3/mole-°K) 

Average system absolute temperature (°K) 

Henry's Law constant of contaminant i (atm-m3/mol) 

Gas-phase mass transfer coefficient of contaminant i (see Equation 5) (cm/s) 

Liquid-phase mass transfer coefficient of contaminant i ( cm/s) 

Molecular weight of oxygen (grams per mole [g/mol]) 

Molecular weight of contaminant i (g/mol) 

Average system absolute temperature CK) 

Liquid-phase mass transfer coefficient of oxygen at 25 degrees Celsius (0 C) 
(cm/s) 

The value ofKl,02 in Equation 5 is 0.002 cm/s. 
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Equation 5 

where: 

MWH2o 

T 

(MWH2o!MW/335 :::J (T/298/ 005 :::J kG, H20 

Gas-phase mass transfer coefficient of contaminant i ( cm/s) 

Molecular weight of water (g/mol) 

Average system absolute temperature CK) 

Gas-phase mass transfer coefficient of water vapor at 25°C (cm/s) 

The value ofkG,H20 in Equation 5 is 0.833 cm/s. 

Chemical-specific modeling parameters for groundwater::; 15 feet below grade are summarized in Table 

3-2. 

2.0 CHEMICAL-SPECIFIC TRENCH MODELING RESULTS 

Chemical-specific trench modeling volatilization factors are presented in Table 3-2 for groundwater :S 15 

feet below grade. These volatilization factors are used along with plume-specific water table groundwater 

concentrations (see Attachment 1, Table 3.5) to generate trench air concentrations (see Attachment 1, 

Table 3.7). These trench air EPCs are used to generate construction- and utility worker-specific 

inhalation exposures. 

3.0 REFERENCES 

Virginia Department of Environmental Quality(VDEQ). 2016. Voluntary Remediation Program Risk 
Assessment Guidance. Accessed on June 1. On-line Address: 
http://www.deq.virginia.gov/Programs/LandProtectionRevitalization/RemediationProgranihluntaryR 
emediationProgramNRPRiskAssessmentGuidance/Guidnce.aspx 

Weatherbase. 2016. Monthly- Weather Averages Summary. Accessed on June 1. On-Line Address: 
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Table 3-1 Trench Model Input Parameters Shallow Wells 

For Mass-Transfer Coefficients 
For Emission Flux and 
Concentration in Trench Trench dimensions 

Kg,H20 0.833 ~m/s CF1 1.00E-03 Llcm3 Length 
MWH20 18 CF2 1.00E+04 cm2/m2 

KI,02 0.002 cm/s CF3 3600 s/hr Width 
MW02 32 F 1 
[r 50.9 OF ACH 2hr1 Depth 

[r 284 OK .· 

... 

R 8.20E-05 atm-m3Jmol-OK Width/Depth 

OF = 
OK = 
ACH = 
atm-m3/moi-K = 
CF = 
cm/s = 
cm2/m2 = 
F = 
ft = 
hr1 = 
Kg,H20 = 
KI,02 = 
Llcm3 = 
MWH20 = 
MW02 = 
m = 
R = 
s/hr = 
T = 

degrees Fahrenheit 
degrees Kelvin 
Air changes per hour 
atmosphere meter cubed per mole degrees Kelvin 
Conversion factor 
centimeter per second 
Square centimeter per square meter 
Fraction of floor through which contaminant can enter (unitless) 
Feet 
1/hour 
Gas-phase mass transfer coefficient of water vapor 
Liquid-phase mass transfer coefficient of oxygen 
Liters per cubic centimeter 
Molecular weight of water (g/mol) 
Molecular weight of oxygen (grams per mole [g/mol]) 
Meter 
Ideal gas constant (atm m3/mole-°K) 
seconds per hour 
Temperature 

8ft 
2.44 m 

3ft 
0.91 m 

8ft 

2.44 m 
0.38 
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Table 3-2 Inputs and Results for Groundwater to Trench Modeling for Shallow Wells(~ 15 Feet bgs) 

Gas- Liquid-
Phase Phase Overall 

Henry's Mass Mass Mass 
Molecular Law Transfer Transfer Transfer Volatilization 

CAS No. Weight Constant Coefficient Coefficient Coefficient Factor 
Contaminants of Potential 
Concern in Groundwater MW H KG KL K VF 

g/mol atm-m3/mol cm/s cm/s cm/s Llm3 
1 ,2 -Dichloroethane 107-06-2 98.96 9.79E-04 4.55E-01 1.10E-03 1.04E-03 7.57E+OO 
1 ,2-Dichloroethylene (total) 540-59-0 96.94 4.51E-03 4.58E-01 1.11 E-03 1.10E-03 7.98E+OO 
Trichloroethane 79-01-6 131.39 1.03E-02 4.14E-01 9.54E-04 9.49E-04 6.91E+OO 
Vinyl Chloride 75-01-4 62.50 2.70E-02 5.30E-01 1.38E-03 1.38E-03 1.00E+01 
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EPA-OLEM VAPOR INTRUSION ASSESSMENT 

Vaporlntrusion~~~~~L~e~v~ef.I~~~C~a~l~c~u~la~to;r~V~e~rs~i;o~n~3~.5~.~1~~~~~~~~~~~~~~p.;~~~Wh~~~~~~~~~~~~Tc;~~;;~~~~~~~~~~~~~~~;;~~;;~~~ 
1 to · or 1 to pose a concern vapor 1 at 

Notes: 

(1) 

(2) 

lve1por-fc>rminQ chemicals (e.g., groundwater or "near source" soil gas concentrations) fall below screening levels (i.e., VISLs), no further action or study is warranted, so long as the exposure assumptions 
lmatc:h those taken into account by the calculations and the site fulfills the conditions and assumptions of the generic conceptual model underlying the screening levels. In a similar fashion, the results of i 
lb,lSE:d screening can help the data review team identify areas, buildings, and/or chemicals that can be eliminated from further assessment. The generic conceptual model underlying these screening levels 
ldE>sc,ribEld in OSWER Publication 9200.2-154 (OSWER Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway From Subsurface Vapor Sources to Indoor Air) (EPA 2015; Section 6.5) 

Inhalation Pathway Exposure Parameters (RME): 
Exposure Scenario 
Averaging time for carcinogens 
Averaging time for non-carcinogens 
Exposure duration 
Exposure frequency 
Exposure time 

Generic Attenuation Factors: 
Source Medium of Vapors 
Groundwater 
Sub-Slab and Exterior Soil Gas 

Units 

(yrs) 
(yrs) 
(yrs) 

(dayslyr) 
(hrlday) 

( - ) 
( - ) 

Residential 

Residential 

(3) Formulas 

(4) 

Cia. target= MIN( Cia.c; Cia.nc) 
Cia.c (ug/m3) = TCR x ATe x (365 days/yr) x (24 hrs/day) I (ED x EF x ET x IUR) 
Cia.nc (ug/m3) =THO x ATnc x (365 days/yr) x (24 hrs/day) x RIC x (1000 ug/mg) I (ED x EF x ET) 

Special Case Chemicals 
Trichloroethylene 

Residential 

Commercial 
Value 

Commercial 
Value 

Commercial 
Value 

Mutagenic Chemicals The exposure durations and aQe-dependent adjustment factors for mutaQenic-mode-of-action are listed in the table below: 

Note: This section applies to trichloroethylene and other mutagenic chemicals, but not to vinyl chloride. 

Notation: 
NVT = Not sufficiently volatile and/or toxic to pose inhalation risk in selected exposure scenario for the indicated medium 
C = Carcinogenic 
NC = Non-carcinogenic 
I = IRIS: EPA Integrated Risk Information System (IRIS). Available online at 
P = PPRTV. EPA Provisional Peer Reviewed Toxicity Values (PPRTVs). Available online at: 
A= Agency for Toxic Substances and Disease Registry (ATSDR) Minimum Risk Levels (MRLs) Available online at: 
CA = California Environmental Protection Agency/Office of Environmental Health Hazard Assessment assessments. Available online at: 
H = HEAST. EPA Superfund Health Effects Assessment Summary Tables (HEAST) database. Available online at: 
S = See RSL User Guide. Section 5 
X = PPRTV Appendix 
E =The Engineering ToolBox. Available online at http://www.engineeringtoolbox.com/explosive-concentration-limits-d_ 423.html 

Exposure Age-dependent 
factor 

Mutagenic-mode-of-action (MMOA) adjustment factor 'i?---tm---~This factor is used in the equations for mutagenic chemicals. 

See the Navigation Guide equation for Cia,c for vinyl chloride. 

h~tp://1NVv''A' ep2..nov[lfiS/S•..itJStil(}dex iltni! 
http i:'l;hpprtv or·:i.novlppriv.s•·•trni 

httoJ\rt"NVv' atsdr cdc.oo'.t/rnri;;;/indei\.h!m1 ---·--·---·· 
h t!f_:J.i·v';· ~YYY ... .9..5! .. b.h?.:.9.? .. .9.9.J(Ci.?..!~.LC; . .n.§'.D:!J.~:.?.i.PB/.i.r.~.~.l?-.!.::.:.:~::~.P 

http /:;::qJB··'<east.or·<t aov:'<east.sl<tmi 

N =Centers for Disease Control and Prevention (CDC) National Institute for Occupational Safety and Health (NIOSH). Pocket Guide to Chemical Hazards. Available online at: 
M = Chemical-specific MSDS 
Mut =Chemical acts according to the mutagenic-mode-of-action, special exposure parameters apply (see footnote (4) above). 
VC = Special exposure equation for vinyl chloride applies (see Navigation Guide for equation). 
TCE = S and for footnote 

visl-calculator_v_351 Des Moines TCE 

Selected (based on scenario in cell G1 0) 

~~:~---- Valuije-a~\~~-

Selected (based on scenario in cell G1 0) 
SvJnb,ol Value 

Selected (based on scenario in cell G1 0) 
SvJnb,ol Value 
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